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PREFACE

Wind tunnel calibration of the Air Force Flight Test Center (ArF... ’
noseboom instrumentation unit (NBIU) was undertaken as part of a joint
USAF/NASA research program called the Transonic Aircraft Tecihnology (TACT)
program. The NBIU calibration was planned and supported by numerous 1
individuals from XASA/Dryden Flight Research Center (NASA/DFRC) and LASA/
Ames Research Center (MASA/ARC) as well as AFPTC. The test was conducted
by personnel from HASA/ARC who obtained tihe data and apnlied normal wina

. tunnel corrections. Since the purvose of the calibration was TACT project
suprort, no formal report was written, and data was transferred informally
to nroject personnel from AFFTC and NASA/DFRC. Tiae data was transmitted
as "preliminary and subject to further checks" only because no formal
coordination and checking was done and not because of any doubts about

the data. The data was, in fact, very complete and highly coherent.
Credit for the outstanding quality and coherence of the test data rests
with Mr., James C. Daugherty and Lt Col (then Captain) Lowell Keel, USAF,
of NASA/ARC who planned, ran, and avoplied corrections for the ll- by 1l1-
foot and 9- by 7-foot wind tunnels resvectively. Mr. Daugherty and Lt Co’
Keel vere consulted numerous times cduring data analysis and intrepreta-
tion and their insight and guidance made the present analysis possible. E
The final fairings and interpretation, however, were generated solely by
the authors and any errors or misinterpretation are their resvmonsibility.

The analysis of tiie NASA/ARC data presented in tnis memorandum was
undertaken to define a calibration of the AFFTC NBIU generally avplicable ]
for data reduction and analysis programs. The analysis was highly de-
pendent on the consultation of Neil w. atheny and Glenn . Sakamoto of
NASA/DFRC. without the consultation and notes of Neil Matheny determi-
nation of nre-~ and post-test calibration procedures would have been impos-
sible, Glenn Sakamoto's consultation, memos, and especially his previous
analysis of the data contained in the referenced Technical Note were
invaluable,
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LIST OF SYMBOLS AND ABBREVIATIONS

NOTE: Symbols in parenthesis are computer symbols

ITEM DESCRIPTION
SYMBOLS
E' 2(L) characteristic length of body
; M Mach number
‘ Re(RE) Reynolds number
R_/% (RE/L) unit Reynolds number
1 f a anale of attack
8 angle of sideslip deg
3 Bs compressibility parameter, Be =JI:;5 N-D
: A prefix denoting a change in the parameter
: following - -
. SUBSCRIPTS
‘ -
B NBIU true value - - ]
,
con convergence o - - 1
LF local flow - -
1 v NBIU vane indicated value - -
0 zero - -
- ABBREVIATIONS
) ARDC Arnold Tngineering Development Center - -
: AFFTC Air Force Fliqght Test Center - -
: NASA/ARC NASA/Ames Resecarch Center - -
NASA/DFRC NASA/Dryden Flight Research Center - -
? NBIU noseboom instrumentation unit - -

A
4
3
Vﬁi TAIT Transonic Aircraft Technology Program - - '
‘ VKF Von Karman Gas Dynamics Facility - -
i
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INTRODUCTION

The Air Force Fliacht Test Center (AFFTC) noseboom instrumentaiiec..
b unit (IIBIU) is a orecision instrumentation wackage desianed for quantita-
tive nerformance flicht testing. 7The HBIU consists of a pitot-static
2 nrobe for sensina total and static vressure and a flow-anole/£light path
accelerometer unit cavable o9 sensing angle of attack, angle of sideslin,
and an orthogonal set of accelerations in the vertical plane of the air-
3 craft. There is an adapter betwecen the pitot-static probe and the flow-
2 ' angle sensor, anc a transition section to connect tile unit to a noseboom.
] Chanaes required to accorodate the two accelerometers within tae flow-angle
sensor housing cause tihe NDRIU te differ sicnificantly from NACA and other
. commonly usecd pitotestatic/flow-ancle sensing elements in size and shape.
The external conficuration of the NBIU, wiich is the result of nurerous
decisions and compromises made during the oriaqinal development, aas unidque
aerodvnamic characteristics which have been defined by various wind tunnel
tests, This renort brieflv surmmarizes the various confiquratiorn chances
which took nlace durina development and describes how the present config-
urations evolved. The backaround section traces the AFFTC UBIU develop-
ment from its incertion to the rresent configuration and describes the
numerous wind tunnel tests which were used to evaluate the chanages and to
obtain calibrations.

Y

The vresent cealibration resulted from amnlication of the AFFTC NBIU

. to a joint USAF/NMASNA research rrocram Known as the Transonic Aircraft Tech-

L | nology (TACT) Frogram, Particirants in this program included ASA/Dryden

' Fliaht Research Center ((IASA/DFRC), NPSA/Ames Research Center (NASA/ARC),
as well as AFFTC. QJAs a vnart of this program, personnel from the taree
organizations conducted a wind tunnel calibration of a slightly modified
AFFTC IBIU, The BIU was tested at NASA/ARC to obtain as accurate and
complete as possible calibration of the vitot-static probe and the

‘ flow=Anale sensor. Although both the pitot-static and flow-angle sensor

calibrations were obtained successfully, only the flow-anale sensor data !

and analvsis are documented in this revport. ;

Data from the NASA/ARC test wasqualitv controlled, corrected
for flow ancularity, and transmittecd in a preliminary form to AFFTC ;
and NASA/DFRC for analvsis. Data were analvzed to determine the relation- !
shin between indicated and true anagle of attack and angle of sideslir.
Prior to developina the NBIU calibration, the data were checked to ensure
that the effects of wind tunnel flow angularity had been properlv removed.
The results of these checks and subsecuent acdjustments are presented to
dermonstrate the coherence of the data., Schlerin vilotograohs were inves-
tigated to establish data ranges where reflected silocks might cause prob-
| lems with data analysis. Correlation of these investications with unex-

] pected data results are noted as a means o< exnlaining the results. The
Ei' data waich rassed nreliminary checks was used to develop a calibration
- of the "IBIU as a flow-anole sensor. 7An accentable calibration was

: ' obtained from Mach number of 0.4 to 2.5 across rost of the usable an-

ale-of-attack and angle-of-sidesliv rance. Revnold's number eifects were |
investicated but none were found. The calibration which resulted from

. this analysis is nresented as are nmeasures of its accuracv and consistencv.
The calibration is comnared with the angle-of-attack data in Annendix A
and with the angle-of-sideslir data in Avnendix b.




The calibration identifies significant Jdifferences between tle
indicated flow anqgles and the true ones. The differences in tne angles
arise from local flow around the NBIU itself and unwash of tie noseboom
use¢ during the wind tunnel test. The primary source is local flow
effects around the WBIU itself which include those due to interference,
local separation, shock interaction with the flow field, and upwash/
downwash of the NRIU itself., Since these effects vary with things such
as screw protrusion, vane-to-vane alicnment, vane roughness, manufacturing
tolerances of components, and slicht variations in NBIU configuration, they
chance little with various anplications of the NBIU. Another error source
oresent in the wind tunnel calibration is the upwash of tae nosehoon.
since this effect varies with each anplication, a metiod was develoned to
acdjust the calibration to alrost any other noseboom conficuration. The
method of anplyinag the adjustment tc the calibration is discussed in the
' renort. . T

The calibration obhtained fror the IASA/ARC tests was proarammed into
a standard software vackage arnlicable to any project usina tae AFFTC NBIU.
A programmer's guide and complete program listinag is included in Appendix
C. The calibration was obtained from deta transmitted directly from
ASA/ARC to AFPTC and WASA/DFRC. ©Secause no other renmort containing this
data was nublished, the entire data transrittal, with the exception of
nitot-static marameters, is ircluded in Velume II. This report and its
aovnencices should give any user the ahilitv to substantiate the calibration
and apply it tc most future projects.
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BACKGROUND '

Larly investications into the cavabilities of fliahtpath-orienter -c-
celerometer systems indicated the potential to sianificantly increase
the ease and accuracy of obtainina pcrformance data. To exrloit this
potential, the Air Force Iliaht Test Center (A\FFTC) began in 1967 to
procure hardware te demonstrate the advantages., The developed hardware
was to become a standard piece of f£licht test instrurmentation if the
expected advantages were rcalized., The Development Branch with engineering
sunoort of the Performance and Flvina Oualities sranch develowved a speci-
fication for an instrumentation unit to be mounted on a standard f£fligiht-test
nosebecom. The pronosed hardware would incormorate a pitot-static ead,
angle-of-attack and anole~cf-sideslio sensors, as well as an orthogonal
acceleroneter set. In 1268, CONRAC Cornoration was awarded a contract to
desian and fabricate a prototyrme of the intecgrated noseboon instrumentation
unit (IIBIU).

The desian e<fort resulted in a simple configuration rounting the
lonagitudinal and normal acceleroreters on a single shaft with the angle-of
attack vanes attachecd svrmetricallv or both sides of the shaft, i/ithin
limits dictated bv the lencti of the acceleroreters and the diameter of
the LBIU housing, the ancle-cf-attack vanes were free to rotate and alion
with the flow nast the noseboom. <The indicated anale of attack of the
nogseboom was determined bv reasuring the angle that thie vane deflectaed
from the centerline. 23t the sarme time, the lonaitudinal accelerometer
was alianed with the flow and the normal accelerometer maintained
permvendicular te the flow, Ilountinag the accelerometers in tiis nianner
resulted in the section housina the anale-of-attack vanes and tue accel-
eroreters being considerably laraer in diameter thaen previous noseboom
units. 7o adant the flow sensor section tc a standard nitect-static head,
a conical adapter scction was used. Additionally, this original desian
mounted the angle~cf=-szidesliv=-sensor vane alrmost directly below tie
angle-of{-attack vanes witih the anagle-of-sideslin vane 3 inches ait of
the ancgle-of-attack vanes.

The configuration o7 the angle-of-attack shaft witl tne two acceler-
ometers mounted on it resulted in a ¢greatly increased moment of inertia of
the ancle~of-attack shaft. The low aswect ratic, flat plate vanes mounted
on lonc cvlindrical posts combined with the nich saaft inertia lackeu the
aerodynanic/inertia characteristics to provice fast resvonse and good damp-
ina. Thus, as a vart of the desiun effort, a new vane design was incorpo-
rated for the ancle-~cf-attack vanes and also used on the angle-of-sideslip
vane for commonality. These vanes had a constant-cihnord planform with a
45 deaqree sween anale, a hich asvect ratio and a weddge cross section. 1In
1970, the new HDRIU hardware was delivered to AFFTC for accentance and
develonment testing.
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Part of the develoomental testine was a calibration of the errors in
indicated angle of attack and anale of sideslin to local flow around
the IBIU, In July 19790, these tests becan in the PWT=-4T tunnel at the
Arnold Tneineerira Develonment Center (AEDC)., The tests were unsuccessful
because of excessive vane oscillations caused by vane dvnamic instabilities.
Viscous danmpers vere addeéd to the flow argularity sensina system and a
successful calibration was obtainecé, The results of these tests are comn-
pletelv cdocumented inr Reference 1, Althouch the local flow errors were
successfully obtained from the tests, the viscous dauners increasecd the
resoonse time tc an intolerable level, The problem was brought to the
attention of nersonnel from the Vor Karman Gas Dynamics Facilitvy (VKF) at
the ANDC. Subseaquently, an acreerent vas reached between AEDC and AFFTC
that VXF would investicate the nrobler and attermnt to solve it by changing
the vane aerodvnamic shane,

A thorouqgh investication bv VI incicated that it was possible to in-
crease the stability of the vane svstem while obtaininc accentable resnonse
characteristics by redesian of the vanes, Two tvnes of vanes were consid-
erec nossible candidates: the first tvoe was similar to tae oricinal de-
sian with greater sween and lower asvmect ratic and the second tvne was
flat rlate, delta "nlanforms with cutcff tirs, Two conficurations of the
first tvne and three confiocurations of the second were selected, manufac-
tured, and mass halancecd by VXF. A thorough descriotion and discussion of
selection criteria are contained in Reference 2, The final selection of
a conficuration was to he made hased on dynamic stability tests run in
Tunnel A at AODC. The results of these tests, as documented in Reference
2, irdicated that the delta nlanform vanes hacd surerior darping character-
istics. The one with the lowest tire-to-half-amnlitude and simplest suo-
nort svster was snlected for further testine and has Loen used on all sub-
secunnt AFFTC WnIU's, The netural frecuencvy ard darning obtainea fron
thiese tests are civen i» Picure 1.

Once the vane desicon selection had bHeen rade, a cormlete local flow
calibration was made fror Mach numbers fror 9.2 to 3,0 over 2 rande of an-
cgles of attack, anales of sideslin, Revnolds numbers, anc orientations.

The results of these itnsts are c¢ocumented in Reference 2. The tests indi-
cated accentable lecal flew errors ir ancle of atteck over nmucih o tae

tach ranac, hut unaccentably hich errors in the transonic ranae, esnecial-
lv a* ifach nurbers of 1.1 £c 1.3. irrors ir ancle of sideslin were accent-
able over ~cst of the rance., “he probler was attributed to shock/flow in-
teraction corused hH’ the close oroximity of the sicdeslin vane to tae angle-
of=nttack vanes and ag~dravatad hv the asvmretry caused by a single angle-
of-sideslin vane. It wrs decided that more accentable errors could bhe ob-
tained if the anale-of-zicdeslin vane was moved a®t., COWRAC was tasked with
rovine the anagle-of-siceslir vane aft. Spacers ware designed and fabri-
cated *o rove it 6.28 and 12.28 inches a“t. Thr snacer for 6.286 inches

wos tasted first and found to bLe accentable., After sclection was rmade,

a cornlete local flow celibration was meade on the new U3BIU configuration
for the "'ach rance fror 7.2 tc 1.3. Thae results of this test are given in
Neference 3,

“he 'iBIU confimuration wnich resulted from this test was deternined
te reet PTFTC reauirerents and the desion was finalized., One of the vroto-
tvoe "RIU's wos modif€ied to the new conficuration., OLubsequent orcders for
3 '’®IU's Yw AFFTC were basecd on this desicn as were numerous other boors
nerchased w various aircraft ceontractors., The NBIU's of this design were
used o sumnort many vrocrams from 19271 to 1981 includina the A-1), I-15,
s=1, and =5,
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AFFTC NBIU MODEL 2438-1 CALIBRATION
AEDC TUNNEL A - TEST VAR0O078 - 7 JUNE 1971
REFERENCE REDC-~TR-72-45 AND FTC-TIM-73-4
EQUIVALENT NACH TOTRL TOTAL NATURAL DRANPING TINE
AIRSPEED NUMBER PRESSURE ! TEMPERATURE | FREGUENCY RATIO TO HALF
(KNOTS) (PSIR) (OE0 R) (HERTZ) ANPLITUDE
(SECONDS)
146. 0.31 8.1 560. 7.8 0.045 0.314
196. 0.51 6.0 560. 10.5 0.041 0.256
226. 0.71 4.8 560. 12.1 0.034 0.268
517. 3.00 36.6 560. 27.2 0.013 0.312
626. 1.50 15.3 §60. 35.0 0.015 0.210
656. 2.50 28.7 §60. 32.0 0.016 0.216
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BIPLOT AND FRIRINGS

FIOCURE 1: NATURAL FREQUENCY AND ORHMPING RATIO
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The calibrations from the ALDC tests were reviewed and some analysis
was done, but the results failed to become accented for standard use in
verformance flicht tests for several reasons. Probably tihe biggest reason
was the limited docurenteation available for users. ilo AFFTC report was
written and the ALDC revorts presenting trends and basic analysis received
limited distribution. The tabular, raw data received an even more
restricted distribution., Lack of documentation and raw data prohibited
resolution of apoarent inconsistencies in the wind tunnel data. Ilany of
the anparent inconsistencies arose from absence of corrections which the
user rust rake durinc armplication of the data. Inconsistencies, couvpled

: with lack of data to determine necessary corrections, severely lovered
user conficdence ir the calibration. Another reason was tae limited data
available beyond a Mach number of 1.3. Tests on the final configuration
were conducted only to a Mach number of 1.3, and the calibration relied
on previous tcsts of other, slichtly different, configurations to cover
i the Ilach number range from 1.3 to 3.0. This further lowered user
! confidence and discouraged develooment of standard software implementing
the calibration. As a result, the calibration had little or no use on
operational flight test orograms.

E AFFTC and UASA/DFRC hegan prelimninary planning in 1971 for the super-
; critical winag research program TNACT. The accomplishment of a wind-tunnel-
to-fliaht-test correlation required very accurate determination of angle
of attack. To obtain a ccmplete calibration of local flow corrections
adeaquate to accomplish the program, it was decided to calibrate the AFITC
NBIU to be used and the TACT noseboom in a wind tunnel., NASA/ARC agreed
to a very comprehensive series of tests planned by the three involved
agencies. Prior to the tests, NASA/DFRC changed the nitot-static probe
fror a Rosermount 'Mocel 852V used on vrevious AFFTC WBIU's to a Rosemount
'odel 852G. This chance was done to allow use of a probe more completely
documented by UASA/DFRC. The chanae of pitot-static probe required a
slicht redesiaon of the transition adanter section between the probe and
the {low anale/flight path acceleration_sensor., The redesign %nvolved
changing from a uniform 6  slope to a 6 slope changing to a 9~ slope

and slightly lengthening the transition adapter. A comparison of the
COWRAZ and TACT adapter/pitot-static probes is shown in Figure 2. Tuc
redesigned adapter was manufactured by NASA/DFRC and installed on the
NBIU, Additionallv, they manufactured ar “iron pine" model of the TACT
noseboom and shiooved the unit to NASA/ARC. JASA/ARC merformed test
number 11/97-731 which consumed 140 hours of wind tunnel occupancy between
25 February and 12 !March 1973. The data was transritted to NASA/DFRC

and AFFTC for determination of pitot=static and flow-angle calibrations.

The flow anale calibration data was initially analyzed by JNASA/DFRC
and documented in Reference 4. The revort documented many details of
the WASA/MARC tests and compared the ANFTC NRIU with previous NACA probes.
The report presented an excellent gualitative analysis of local flow ef-
fects on the IIBIU and clearly showed trends in the data. An AFFTC
analysis was undertaken to exmand the analysis presented in the NASA
report, document the data taken, and develop standard software anplicable .
to all AFFTC NBIU's used on flicht test programs. The use of this
softwvare and adjustment basecd on an inflicht calibration significantly
“ . improves accuracy over a tctal inflight calibration. The nroduction
- software should be used on all flight test programs utilizing AFFTC
F- NBIU's (Pecommencation 1),
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TEST APPARATUS

The- NBIU calibration concducted at NASA/ARC was done on a carefully
selected and comrletelv documented set of hardware. The !IBIU suoplied
by AFFTC wvas one of the three prototyrne NRIUs huilt by CONRAC. It had
been modified to the "oroduction” status in terms of vane configuration
and location. As described in the vrevious section, the pitot-static
probe and pitot-static adanter had been changed tc a later configuration.
The noseboom supnlied hy NASA/DFRC was an "iron pirne" model of the TACT
noseboom, Originally, it was formed from several indemendently machined
scaments and bolted together. During installatien and check loading in
the wind tunnel, it was noted that the boom had excessive deflection in
several joints due tc mechanical slop. To correct this, some of the
joints were welded prior to any testina, The test hardware was completed
by a sting mountina adanter sunnlied by NASA/ARC. The tunnel sting
mountina system available in both WASA/ARC tunnels had combined movement
in angle of attack and ancle of sideslio of about 30 degrees and was
symmetric about the tunnel centerline. NASA/ARC supnlied an adapter to
offset the nlus or minus 15 deurees in anale of attack normally
available bv about 12.5 decrees. This allowed testing from =3 to +27
degrees in anagle of attack as desired. Detailed descrivtions of the
tunnel stina mountine svstem and acdanter were omitted because it wvas deter-
mined they had little or no irfluence on the flow around the WBIU.
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The NBIU and noseboom used during the NASA/ARC test are described
in detail below. Because this test is the best documented and most
complete calibration of an AFFTC NBIU, the best accuracy and highest
confidence in the calibration occurs when the TACT variant of the NBI!
is used. Although the differences in the production NBIU and TACT con-
figuration are minimal, some srall effects of the change may occur.

All new AFFTC NBIUs should be built in the TACT configuration, and all
existing NBIU's should be modified when practical (Recommendation 2).

NBIU CONFIGURATION

The NBIU confiouration is shown in Figure 3. The body of the
angle~sensor/flicght path accelerometer is a tube 3.25 inches in diameter
which mounts two angle-of-attack sensina vanes on onposite ends of a
lateral shaft and a sincle ancle-of-sideslio sensing vane on the bottom,
The vanes whose external details are shown in Figure 4 are the "production
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vane conficuration uses on all AFFTC NBIUs., Prior to testing, the vanes
were cleaned, checked for nicks and scratches, and checked as well as
possible for bending or warping. At the same time the two angle-of-attack
vanes were checked for vane-to-vane alignment. Normally these vanes are
aligned to each other and tc the sensitive axis of the longitudinal accel-
erometer to within 10 arc seconds or .003 deorees. The checks of this
unit both before and after thie WASA/ARC tests showed vane-to-vane align-
ment to within only 0.05 dearees. The details of this misalignment which
resulted during field repair of the NBIU are agiven in Ficure 5. Although
this misalicnment is not within accented standards, it was decided to
leave the vanes as they were hecause 24 TACT flights had already been
flown and calibration data were neeced. It was determined during analysis
of the calibration data that effects of the misalignment were clearly
evident. It was felt, however, that the effect was confined to a small
bias in the calibration which was easily removed., Thus, the misalignment
did not materially affect the calibration or reduce confidence in the
results,
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The angle-of~attack vane shaft and angle-of-sideslip vane shaft ride
internally on precision, low friction ball bearings which allow them to
rotate freely and align with the local flow around the NBIU. The ro‘* 1ion
of hoth shafts relative to the body of the NBIU are sensed with a syncn.o
arrangement. The orthogonal set of accelerometers - one parallel to the
angle-of-attack vanes and the other perpendicular - are a large assembly
which limit the travel of the angle-of-attack vanes by contacting the
bottom of the case or the pitot-static lines routed along the top of the
section. The angle-of-attack vanes for this particular system were pays-
ically constrained to deflection from -3 degrees (vane trailing edge down,
TED) to +28 degrees (vane trailing edge un, TEU) relative to the boom
centerline. The negative limit was constrained slightly from its normal
limit of aonroxirately -5 degrees because the pitot-static lines were
sliaghtly shifted from their normal position. The anale of attack/acceler-
ometer system represented a large mass which could affect sensed angle of
attack if not mass balanced. During preliminary checks, the mass balance

was checked and found to be within acceotable limits, The angle-of-sideslip

vane was physically constrained to travel from =15 degrees (vane trailing
edge right, TER) to +15 degrees (vane trailing edge left, TLL). The
angle-of-sideslio vane is mass balanced at the factory and is not adjust-
able thereafter; a considerable out-of-balance condition was noted on

the test WBIU, :

The body is generally completed by a transition section to attach
the NBIU to the nosebcom. This section has access doors which allow
the aircraft pitot-static lines to be disconnected from tiae NEIU so the
NBIU can be rermoved from the noseboom. Although tiae transition section
is required on the nroduction NBIU's, it was not used on the TACT
aircraft. Design of the prototype NEIU's, such as used on TACT,
included access doors on the flow-ancle-sensor housing. For development
of a calibration avnlicable to all :I2IU's, however, the transition
section must be included. Therefore, the first 7.62 inches of the TACT
noseboom were cconsidered to be part of the HBIU for nurposes of this
calibration. Since the forward section of the ncseboom nad a 3.25 inch
diameter, winich is the same as the normal transition section, tnis yave
exactly the same external confiquration as a production NBIU and a
foreshortened noseboom would have, This is strictly a "bookkeeping"
exercise vhich can be iconored for purposes of working witih the NASA/ARC
data. It is very irportant, however, in determining noseboom lengtias
for making noseboom configuration corrections as discussed later.

NBIU PITOT-STATIC PROBE AND ADAPTER

The !'BIU was eauipped with a Rosemount 852G, uncompensated vitot-
static probe. As shown in Figure 6, the probe has one total-pressure
and two indevendent static-pressure sources. The nrobe is manufactured
as a single niece with its forward 16.935 inches exposed and an additional
2,375 inch long, 1.312 inch diameter section designed to slide within the
pitot-static adapter. The matina section had two grouvs of 3 equally
spaced, self-locking nutnlates. The adapter shown in Figure 7 has iden-
tical ratterns of countersunk holes which matched the vitot-static probe.
The adapter had a similar smaller section which slid within the NBIU body.
when the unit was asserbled, a considerable amount of roughness resulted
from the holes and protruding screw heads at both junctions. Consider-
ation was given to filling the voids with putty to reduce the surface
roughness, but in general this is an inoratical practice and the holes
were left unfilled. It was felt that tais would be more representative
of tynical UBIUs,
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WIND TUNNEL NOSEBOOM

The noseboom/NMBIU installation for the wind tunnel is shown in Fig-
ure 8. This installation is the confiacuration on which the data analyzed
in the following section was obtained. It is important to remember that
this is a unique confiquration and the calibration is applicable only to
NBIU's mounted on this noseboom confiquration. If a noseboom configuration
other than that shown in Fiqure 8 is used, a correction must be made to the
calibration to account for the differences as discussed in tne Results
section of this memorandum,
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TEST EVALUATION

A thorough evaluation of the test conducted in the .ASA/ARC wind
tunnels was accomplished prior to data analysis. in conjunction wiZ:
personnel from HASA/MRC and IASA/DFRC, the cnaracteristics of the test
facilities, test procedures, preliminary data corrections, and aata
characteristics were established. This was necessary to precisely cetine
> what corrections had been made and what furtier corrections were rcquired
' during analysis of the prelirinary data. Studies of facility character-
istics established inherent liritations and resulted in an estimation of
1 , expected accuracies based on IIASA/ARC erxperience witn the test tunnels.
Knowledge of the test facilities also aided in explaininy inconsistent
results which were noted in the transonic region. Studies of procedures
1 used in prevaring for and conducting the test established tnat witih one
y small exception procedures were more than adequate. OJtudy of the data
transmitted to AFFTC and subsequently to NAGA/DFRC establishec that all
planned corrections had been rade correctly. The evaluation proveu
that extreme care had been taken in preparing for and conducting the
tests and correcting the data, and provided a hiyn level of confidence
in the results of the subsequent analysis.

] TEST FACILITY

Tne YMBIU tests were conducted in the U'nitary Plan wind Tunnel
v facility at NAGA/ARC as described in References 5 and 6. Tests were con-
h ducted in both the 1l1- by ll-foot transcnic wind tunuel ana tae 9« x 7-
] foot suverscnic wind tunnel,., Ftoth tunnels were cavable of omeration
; over a range of preciselv-controlled Mach numbers while stagnation
pressure could be varied independently to facilitate studies at
different Reynold's numbers and dynamic pressures, botn tunnels hac
model support hardware capable of precision-controlled movement in twc
orthogonal directions and roll abcut the noseboom centerline., Gecrnetric
orientation and nosition of the :NBIU relative to tue tunnel centerline
was controlled and recorded on an automated data syster. Concurrently,
the indicated values of angle of attack, angle of siceslip, and pitot-
static parameters from the NBIU were recorded. bchlieren photogyraphs
vere made for flow visualization and analysis at most test conaditions.
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11=- X 11-FOOT WIND TUNNEL:

The 1ll1- by ll=-foot wind tunncl is a closed-return, variable density
tunnel with a fixed geometry, ventilated test section, and a nozzle com-
orised of flexible sidewalls, each actuated by a single jack. Airflow is
nroduced by a three-stage, axial-flow compressor powered by four tandenm,
wound=rotor, variable-sneed induction motors cavable of generating a total
of 180,000 horsepower continuously. The !ach number cavability of this
tunnel is 9.4 to 1.4, Variable density is achieved by varying stagna-
tion nressure from 0.3 to 2.25 atmosnheres.

The flexible sidewall nezzle of the 1ll- by 1ll=foot tunnel produces
very uniforr flow throucgh the test section with very low flow anqularity.
Ylumerous colibrations over arn extended neriod of time have shown typical
values of flow angularity in the anale-of-attack direction to be less than
J.15 dearees and in the anale-of-sideslinr direction to be less than 0.1
degrees. The model suvvort svster aas movement of arproxinrately 30 degrees
ir the normal ritch direction (wincs level) and aoproximately 30 degrees
in the normal vyaw direction. For the HUBIU calibration, JASA/ARC sunplied
an adavrter te hias the nitch roverent Ly about 12.5 dearees and allow
tostine frorm =3 to 27 dearees.

8- X 7-FOOT WIND TUNNEL:

The 9- by 7-foot wind tunnel is a closed-return, variable density
tunnel ecuinred with arn asvrmetric, slidine=-block nozzle and a flexible
unner vlate, Variation of the test section fach nurnber is achieved by
translating, in a streamwise direction, a fixed contour block that I
forrs the “loor of the nezzle and test section. The electrical drive
svstert is common to hoth the 1l-foot tunnel and the 9- bhv 7-foot tunnel.
The 'lach nunber rance of this tunnel is 1.5 tc 2.5. Variable density
is achieved hy varving staanation pressure from 0.3 to 2.0 atrmosnheres.

The asyrrmetric, slidina hlock nozzle of the 9- by 7-foot tunnel
procduces nenuniform £low through the test section with extremely larae and
variable £low arqularity in the vertical plane. The large variation in
thie vertical nlane, whica can be as much as three to four degrees between
floer and ceilina, was anticimated durina tunnel desion and the model
supnort system was desicaned with its nermal »itch direction in the
horizontal nlane. The rodel sunnort svstem also maintains the model
center of rotation on the lateral centerline of the tunnel so that

chance ir angular orientation of the model in the normal angle-of-attack
direction cdoesn't result in rmoverent of the model from the tunnel
centerline, For the IPIU test, the center of rotation was located at

the centerline of the anole-of-attack vanes, Because the test article
doesn't rmove within the test section, flow anaularity in the angle-of-
attack direction tvpicallv can be maintained below 0.05 degrees. Move-
ment in the anale-of-sicdeslin direction, however, encounters changes

in flow angularityv on the orcder of 1.0 deagree and must be carefully
correctnd. The model sunnort svstenr of the 9- by 7-foot tunnel has
movement of anprovirately 30 dearees in the normal pitch direction

(wings vertical) and arnroxiriateiy 30 degrees in yaw. Adain the travel
vas biased to allow testina from -2 to 16 dearees.
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TEST DATA

Daca was obtained from the 11~ by ll-foot and 9- by 7-foot tunnels
across the range of useable Mach number andé rance of the model support
system. At selected Mach numbers several Revnolds numbers were run to
insure that Reynolds number effects were not present. In both tunnels
extensive tests were run to define flow angularity corrections and obtain
the rmost accurate results possible, Flow angularity data was obtained
in both the normal vitch and yaw directions. A summary of the !ach num~-
bers, Revnold's numbers, angles of attack, and angles of sideslin are
presented in Table 1. The run schedule for each tunnel and a summary of
the data concernina test conditions, anagle of attack, and angle of side-
slip are contained in Volure II of this memorandum.

TABLE 1: TEST VARIABLES

UNIT
MACH REYNOLDS

WIND TUNNEL NUMBER NUMBER g -
(/FOOT) |(DEGREES)|(CEGREES)
11- X 11-FOOT 0.40 (2.0 x 106){ -2 10 22| -2 10 12
0.60 [2.6 x 108] -2 10 22| -2 70 12
0.80 2.1 x 108 -2 10 22| -2 1O 12
0.90 (2.0 x 108] -2 10 22| -2 10 12

3.3 x 1066{ -2 10 10 0

5.5 x 108] -2 10 10 0
0.95 [1.8 x 108| -2 10 22| -2 10 12
1.05 {2.8 x 106| -2 70 22| -2 10 12
1.10 [2.9 x 106| -2 16 22| -2 10 12
1.20 /3.1 x 106} -2 10 22| -2 10 12

1.30 2.4 X 105| -2 10 22 0
3.7 x 106| -2 10 22| -2 70 12

1.40 [4.1 x 106] -2 70 10 0

9- X 7-FOOT 1.51 2.0 x 1058] -2 10 16 0
4.0 X 105| -2 10 16| -2 10 12

1.7t |3.7 x 108 -2 10 10 0
1.91 |4.3 x 106] -2 T0 16 | -2 10 12
2.11 |4.2 x 105} -2 10 16} -2 TO 12
2.31 |4.1 x 105] o 1016/ 10 7O 12

2.41 {3.7 x 108| -2 10 10 0

2.54 3.6 x 108] -2 T0 16 [ -2 1O




11- X 11-FOOT WIND TUNNEL:

mm———

Data were obtained in the 1ll- by ll-foot wind tunnel from Mach number
of 0.40 to a Mach number of 1,40, At Mach number of 0.90, three unit
Revnolds numbers were run andé at Mach number of 1,30 two unit Reynolds
numbers were run. At rost Mach numbers dota were obtained across the
anale-of-attack ard angle-of-sideslin rance. Primary method of obtaining
data was to accurately establish anale of attack at some value between
-2 and 22 in 2 deqree increments and sweep anole of sidesliv in 2 degree
increments between -2 and 12 deqgrees.

8- X 7-FOOT WIND TUNNEL:

Data were obtained in the 9~ by 7-foot wind tunnel from tlach number
of 1,51 to 2.54., At 2 Mach number of 1.51, tvo unit Reynolds numbers
were run., At most flach numbers data were obtained across the
angle-of-attack and anale-of-sideslinp range, Again the primary method
of obtaining data was to accurately establish anqgle of attack at some
value between -7 and 16 decrees in 2 degree increments ané sweep angle
of sideslip in 2 dearee incremrments between -2 and 12 deqrees.

DATA ACCURACY

Accuracy of the calibration data was of primary importance in conduct-
inag the wind tunnel tests. Care was taken to consider any correction which
micht have a sianificant effect on accuracy and to make tiaose corrections
vhich were imvportant. Trocedures used in vremaring for and conducting the
tests were examined te insure they were acdeguate and correctly made. The
tests vwere vell documented in enaineer's notes and an extensive review
indicated a vood job had been done in achievinc accurate results., An
assessrent was made of the test accuracy and it was concluded the acceot-
able accuracy had been achieved,

TEST NBIU:

The test MBIU was examined to insure that it was in good condition
and that it was representative of the conficuration of the AFFTC LBIU.
The exanination included checks of the ohysical conficuration for damage
and misadjustment as well as caecks of the transducers and calibrations.

‘lass Salance. The arcole-of-attack/flicht-rath acceleration
assembly consisting of the ancle-of-attack vanes and acceleromcters is
norrally mass-balanced tco avoic vane nisalignrent due to acceleraticens,
A roveable mass is provided to allew adjustment of the mass balance.
Jlthouca tihe nroblem is not as vronounced as in £flicht, mass balance
prroblems do affect wind tunnel data because of varyina agravitational
component as anale of attack is varied. To vreclude errors in the data
due to out-of-balance condition, the NBIU was checked nrior to shimment
to NASA/ARC and found to be within lirmits. 3Sirilar checks were made
of the mass balance of the ancgle-of-sideslio vane asserbly. Although
the assembly was found to be considerably out of balance, tae work and
delays required to correct the balance were not considered necessary to
obtaining an acceptable calibration.




- e T : v
e e Dy ‘__A..,,__._...-_w_.__:.“

Vane Condition. The anale-of~-attack and angle~of-sideslip vanes
were examined and found to be in very good shave; no nicks, hending, or
warpina were noted which would affect the calibration.

Vane Alignment. Prior to use and periodically throughout flight
test »rograms, the aliqgnment of the vanes is checked tec assure that the
4 left and right vanes are aligned with each other and with the sensitive
. axis of the lonaitudinal accelerometer. Accented standard for use at
{ AFFTC is alignment within 10 arc seconds or .003 degrees. Checks of tie
test unit, however, showed vane-to-vane aliognrent to within only 0.05
deqgrees, The details are given in Ficure 5. Investigation of the mis-
alignment and its effect on the quality of the calibration was done. The
4 investigation revealed that all indicated anale-of=-attack values taken
- by JASA/DFRC were based on readings halfway between the left and right
; ’ vane and that all corrections were done correctly anéd consistently as
shown by a comparison of the nre- and post-test measurements., Tie mis-
alignment was not, evidently, communicated to NASA/ARC versonnel cali-
brating the angle-of-attack vane indicated values.

L s

The calibration of the anale-of-attack vane synchro transmitter
was described in reference 4. "n snlit-bubble clinometer accurate to 6
seconds was mounted on the boon and simultaneous readings were taken
from it and the vane svnchro transrmitter. A bubble level accurate to 3
secondas was affixecd to tahe anale-of-attack vane to indicate tine level
vane condition.” Since the tvo vane system woulG responc like a vane(s)
halfway between the two vanes, a bias 0f arnroxirately 2.025 degrees
3 was introduced into the indicated anale-of-attack values. The sicn of
; ) the bhias was dependent on vhich vane the bubhle level was nlaced. The
effects on the calibration data are discussed in a later section.

TEST NOSEBOOM:

S

The noseboor: used in the N5 /APC test waAs an "iron-rine" nodel of
the actual 7TACT roseboon., Durina final check leacina, anproximately
100 vounds wvas arnlied in +he nositive 1lift direction with negligible
deflection in either the hrom or model summort svster. o loads were
avolied in a lateral direction,
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MODEL SUPPORT SYSTEM:

The model supnort svstem was instrurmented to provide "geometric" true
angle of attack and true angle of sideslip. The geometric values were rel-
ative to the tunnel centerline and would be the true values if there were
no stream flow angle. These values, when corrected for flow angularity,
were used as true angle of attack and true angle of sideslip. The drive
unit was calibrated using a laser mounted on the noseboom and directed
toward a fixed target upstream of the test section. Lysteresis was detect-
ed in the drive unit and was minimized by always approaching tae angle of
attack set in the tunnel from a higher ancle of attack when taking test
data.

TRUE FREESTREAM MACH NUMBER:

The freestream Mach number was obtained from standard wind tunnel cal-
ibrations run by HASA/ARC as described in reference 6.
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ll- By ll-Foot Wind Tunnel. The Mach number calibration of the i
11- by ll-foot wind tunnel 1s based on measurement of stagnation pressure i
by a pitot probe located in the stilling chamber and on measurement of
static pressure along the tunnel centerline. The static pressure measure-
ments were accorplished by means of a long, two inch diameter pipe, mounted
under tensile load along the tunnel centerline, running from the stilling
chamber to the strut support svstem located downstream of the test section.
3 Orifices located at twelve inch intervals along the pipe sense tne
* "clear-tunnel" static pressure, (A second pipe with twelve inch orifice
spmacing, strut mounted 18 inches off the floor during subsonic calibration,
essentially verified the centerline measurements.) Calculations based on
the measured values of stagnation and static pressure provide calibration
of clear-tunnel ilach number.

9- Uy 7-Foot wind Tunncl. The Mach number calibration of the 9-
by 7-foot wind tunnel 1s based on measurement of stagnation pressure by a
pitot probe located in the stilling chamber and on measurement of total
pressures every inch along the tunnel centerline. Such measurements were
made by translatinag a srall cone of about one-half inch diameter with a
ten degree half angle along with tunnel centerline by means of a rack-and-
ninion=-drive support syster. The nose of the cone was blunted to form a
small-diameter, sharp-edged, total-head orifice. Calculations based on
the measured values of stagnation pressure in the stilling cnamber and
tetal oressures along the tunnel centerline provided calibration of
clear-tunnel Mach number,

-

. These cr'ibrations were used tc obtain the freestream !lach number
{ used in data analysis.

FLOW ANGULARITY CORRECTION:

The data were required to be corrected for flow angularity in the
wind tunnel test section to obtain most accurate results., The flow
anqularity correction is defined as the correction to be applied to the
model suobrort hardware readings to obtain identical true angles at the
same indicated angle from the NBIU whether it is in uoright or inverted
roll orientation. GSince the indicated values are not affected by orien-
tation, differences in true values at the same indicated values must be
due to errors in true angles as determined geometrically from the model
mounting system, The flow angularity corrections are adjusted until the
same true values are obtained at the same indicated value both upright
and inverted. The same reasoning is enplicable to beoth angle-of-attack
and angle-of-sideslin computations., The flow angularity correction is
discussed more thoroughly in Apvendix A of Volume II,

NASA/ARC routinely makes flow ancularity corrections to data to in-
‘ crease the accuracy of the results. Typically, the values for the stream-
SO angle correction to angle of attack were less than 0,15 degrees for the
11- by 1ll-foot wind tunnel and less than 0,95 degrees for the 9- by 7-foot
k: wind tunnel. Lateral stream angle may be significant, especially in the
§ 9- by 7-foot wind tunnel. The nozzle of the 1l1- by ll-foot wind tunnel
v provides relatively uniform flow which experience has shown has lateral
. flow angle of less than 0.1 degrees. The flow in the test scction of the
' 9- by 7-foot wind tunnel, however, is established by an asymmetric, sliding-
block nozzle which results in significant flow angularities; the flow angle
correction can be on the order of 1 degree. The !IBIU calibration data was
corrected for flow angularity prior to transmission to AFFTC and checks
of the corrections indicated that the data had been adequately corrected.
The details of the checks prior to use are discussed in the Data Analysis
section,
26
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OVERALL SYSTEM ACCURACY:

An assessment was made of the overall system accuracy so that s -
quantitative estimate could be made of how good the NBIU was in sensing
angle of attack and angle of sideslip. The assessment was based on anal-
ysis of procedures, other published results, and analysis of the test data.
The conclusion was that table 2, which was obtained from reference 4,
adequately summarizes expected accuracy for Mach number, angle of attack,
and angle of sideslip. The accuracies in true angle of attack and true
angle of sideslip depend on adequate correction for flow angularity.

The flow angularity correction for angle of attack was based on data from
minus three degrees to plus three degrees at zero angle of sideslip and
the angle of sideslip correction was obtained across the obtainable range
of angle of sideslip but only at zero angle of attack. There is a
possibility that the accuracy was somewhat degraded outside these limits.
Although experience with the tunnels would indicate the degradation was
small, no effort was made to quantify the degradation in accuracy of

this data.

TABLE 2: ESTIMATED ACCURACY OF NASA/ARC TEST VARIABLES

ESTIMATED RCCURACY OF

NBIU TRUE VALUES NBIU INDICATED VALUES{ VANE ERROR
HIND TUNNEL MACH g Ap Xy Ay A«LF
NUMBER | (DECREES)| (DEGREES)| (DEOGREES)| (DEOREES) | (DEOREES)
11- X tt1-FoOT £0.005 20.01 £0.15 20.08 20.06 +0.085
9~ X 7-FOOT | +.08,-0¥ 20.06 $0.05 20.06 +0.05 +0.07

i3 s iauarlepe
« 5 T 1

*THESE VALUES BASED ON LATER DATA THAN REFERENCE 4.
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DATA ANALYSIS

The data from the NASA/ARC test was extensively analyzed and used to
develop a calibration of the AFFTC NBIU. The boom true angle of attack,
a,., and true angle of sidesliv, 2_, used in the analysis were values ob-
tgined from the model support hargware corrected for flow angularity.

The indicated or "vane" values of angle of attack, a,,, and angle of side-
slin, 2?2 , were obtained from the deflection of the vanes indicated by the
anqle-sénsor portion of the HNBIU. The indicated value of angle of attack
is normally defined as the deflection of the left vane from the horizontal
plane of the NRIU, On this test, however, the vane-to~vane misalignment
between the left and right vane was so larae that the indicated value was
defined as the deflection of the average vane (the average of the left and
richt vane deflection) from the horizontal plane. The indicated value of
the angle of sideslip wvas the deflection of the vane from the vertical
plane. The data were correctec for errors discovered during preliminary
evaluation of the data and faired. The data fairings were programmed into
a software package arplicable as an "instrument calibration" for the
flow-anale=-sensing portion of the AFFTC NBIU. The data were primarily
presented in terms of a local flow correction for angle of attack, Aa

2 I
and for angle of sideslin, ASLF’ as defined in equations (1) and (2).LE
A = -
“OLE s T %y (1)
A = o] -
“"LF ‘B 3V (2)

DATA CORRECTIONS

Preliminary evaluation of the WASA/ARC data indicated a very consis-
tent set of data with few nroblems. The problems which did exist, however,
were significant to the data analysis and had potential impact of the ac-
curacy of the data and the confidence which personnel would have in the
resultant calibration. The checks for flow anqularity revealed no sign-
ifjcant »roblems with the flow angularity corrections. The same checks,
however, revealed biases in the data. Lastly, a large smike in the data
was detected in the transonic region. The resolution of these problems
resulted in corrections to the data which greatly erhanced the consistency
of the data and gave reason for increased confidence in the results.

FLOW ANGULARITY:

The data were initially checked for flow angularity to insure that
the corrections had been macde by NASA/ARC. The vlots shown in figure 9
were generated from the oricinal data as described in Appendix A of
Veolume II and show the flow angularity check on angle of attack. Tie
plots of urnricht confiquration shown in figure 9(a), of inverted
confiquration in figqure 9(b), and of combined configurations in figure
9(c) indicated that the anale-of-attack data had been effectively
corrected for flow anqularity.
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FIOURE 9: FLOW-ANOULARITY CHECK OF ORIGINAL ANGLE-OF-ATTACK DATA (CONCLUDED)

0.0 0.2 0.4 0.6 0.8 1.

Similar plots showing the flow anqularity check on angle of sideslip
had similar results when checks of the original data were plotted. The
plots of upright configuration shown in figure 10(a), of inverted con-
figuration in figure 10(b), and of combined configuration in figure 10(c)
indicated that the angle~of-sideslip data had been effectively corrected
for flow angularity.

The flow angularity checks as described in Appendix A of Volume II
identified several data runs which were inconsistent with the mass of
data. Although no reason could be established for their inconsistency,
they were removed from further analysis. Figures 11 and 12 following
have these points removed.
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i DATA BIAS:

The data checks performed to detect flow angqularity also disclosed bias
in both the angle-of-attack and angle-of-sideslip data. Accounting for the
bias was considered very important in establishing confidence in the cali-
bration. Analysis of post calibrations and initial analysis of the NASA/ARC
data at AFFTC had arbitrarily removed the bias. Based on the fact that the
NBIU is symmetric about a horizontal plane through the centerline except for
the angle-of-sideslip vane, the indicated angle of attack should be zero at
true angle of attack of zero at supersonic Mach numbers. Similarly, the
NBIU is totally symmetric about a vertical plane through the centerline
and should have an indicated angle of sideslip of zero when true angle of
sideslip is zero. The fact that the calibration data did not confirm these
basic assumptions cast doubt on the accuracy numbers stated,
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Angle-of-Attack Bias. Bias in angle of attack was noted in both

the 1li- by ll-foot and 9- by 7-foot data as shown in figure 9(c¢). The bias
in the 11- by ll-foot was explained during evaluation of the procedvur-s
used to calibrate the angle-of-attack vanes. It was determined that ..
the 1ll- by ll=foot tunnel the vane synchro transmitter was calibrated
using a bubble level placed on an angle-of-attack vane. The vanes were
misaligned as described in figure 5 and responded aerodynamically like a
single vane located at the mean of the two vanes. The combination of
calibration procedure and vane-to-vane misalignment resulted in a constant
error in indicated angle of attack equal to 0,025 degrees. Based on this
discovery, a correction of 0.025 degrees was made to all indicated angle-
of-attack data from the 11- by ll-foot tunnel prior to fairing.

Bias in the 9- by 7-foot data as shown in figure 9(c) was faired
as 0.095. This bias was never satisfactorily explained and a correction
of 0.095 was arbitrarily made to all angle-of-attack data from the
9~ by 7-foot tunnel. It should be noted, however, that calibration of
the angle-of-attack vanes in the 9~ by 7-foot tunnel did not use the
bubble-level method previously described., Because the angle-of-attack
vanes are mounted vertically (as opposed to horizontally for the
1ll- by 1ll-foot tunnel), the calibration was conducted using straight
edges, plumb lines, and measurements from the side walls. This procedure
is inherently more difficult and less accurate and could have caused or
contributed to this very small, yet signiticant, bias.

A bias correction was made to the angle-of-attack data from
both tunnels and the data and fairing were replotted. The resulting
data and fairing are shown in figure 11.
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f Angle-of-Sideslip Bias. The bias in angle of sideslip was
' confined to the ll- by ll-foot wind tunnel data. The bias was determined
, to be about =-0,285 degrees and could not be explained., Since the bias
was large relative to claimed accuracy and apparently confined to one
tunnel, it appeared to be an instrumentation or data analysis problem.
After considerable research and analysis, no documented reason for the
bias could be found and the 1ll- by 1ll=-foot wind tunnel data were
arbitrarily shifted 0.285 degrees. It should be noted that, like the
angle-of-attack data for the 9- by 7-foot tunnel, the angle~of-sideslip
vane for the 11- by 1ll-foot tunnel was vertical and could not be
calibrated using a bubble level. The calibration method relied on
; measurement from the side walls and could have caused or contributed
: to the cather large bias.

The bias correction was made to the angle-of-sideslip data
from the 11- by ll1-foot tunnel and the data and fairing were replotted.
The resulting data and fairing are shown in figure 12,
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ANGLE-OF-ATTACK DATA SPIKE:

Figure 13 shows a large data "spike"” which existed from Mach n. ~r
value of 0.90 to 0.97. The data spike at zero angle of attack was app.o:.-
imately 0.10 degrees in magnitude. The spike was more pronounced at higher
angles of attack and was of a magnitude and Mach number location to be easi-
ly observed in flight if it existed. Although a considerable amount of
flight data was examined, the phenomena was never observed. It was con-
cluded that this was a wind tunnel effect probably associated with a shock
reflected from the tunnel wall. An excellent visualization of the shock
formation and movement around the NBIU is given in figure 13 of reference 4.
Except at 0 degrees angle of attack, data was not available at enough
Mach numbers to actually define the characteristics. As a result the
data were not changed but the spike was simply faired through., HNo similar
phenomena was noted in the angle-of-sideslip data.

NOTES:
1. TRUE ANOLE OF ATTACK AND TRUE ANGLE OF SIDESLIP = 0.0 {DEOREES).
2. FIOURE INCLUDES ALL VRLID DRTH: ALPHA., BETS» HND MACH SWCEPS.

0.60 S 3888 i R i ;1..!:.: : } AR TFAL 551 52007 58351 SFSA E2ASS STTRI S

iR LRI ER11) S Rl FSYHBOL CONFIOURRTION

3
i UPRIOHT
0.50 f INVERTED
i FRIRING
0.40 :

0.30

Acc ¢ (DEOREES)
o
~
o

-0-10

[Py Savau pRa0Y by

States e o O

.

HinS

-0 20 1995 19994 S99 o8 BTN SR LITES IRTH PPN N RENTETN . v . .
0.0 0. 2 0.4 0 8 0.8 1.0 1.2 1.4 1.6 1 8 2.0 2 2 2 4 2.8

MACH NUMBER

FIOURE 13: ANOLE-OF~ATTACK DATA SPIKE AT TRUE ANGLE OF ATTACK =

3%

pare Sad Ak i ol otal




DATA FAIRING

The LUASA/ARC data was faired subsequent to being corrected to obtain
curves which would define the error in sensed angle of attack and sensed
anale o! sideslin due to W3IU local flow. The curves would serve as a cali-
Lratien of the AFFTC NBIU flow anule sensing and could be implemented in a
com~uter vroqgrarm for use in data reduction programs. The fairing, which
vas accormnlishied by a corbination of aand and matiematical techniques, was
done within conflicting constraints, The curves needed to be as accurate
as wvessible vet simple enough to be easily iwplenented., It was essential
to obtain the best possible calibration of angle of attack at zero angle of
sideslin since this is the prirary condition for obtaining most performance
3 dato and the most critical avolication for the NBIU. Accuracy requirements
wore less strincent for fairina anagle of attack at angles of sideslip and
for fairinag anale of sideslin, The final fairings obtained were considered
adeauate for all uses of the NBIU and were easily irnlemented in a standard
seftware wnackace, There were, however, data at hich angles of attack and
at hii=mh anales of sideslip which were icnored because it was felt the data
were influenced bv the wind tunnel and wWere not caaracteristic of tne LBIU,
Usera o have hich accuracy reauirerents in thesc arcas snould examine the
cornarisen of the fairines and angle-of-attack data in Appendix & and cor-
cariaon o the fairines and ancle-of-sideslin data in ~Ammendiy 3 to deter- i
mine 17 the Talrinces match the test data accentably well. fThese users
b should be nrepared to exvend a lot of effort to correct and examine data
and assure therselves the data are accurate if they choose to refair these
areas.

w7

| ANGLE-OF-ATTACK FAIRING:

! The angle-cof-attack data were svstematically faired lb.ased on thecreti-
cally predicted characteristics with the levels erpirically adjustcd to
ratch the dota. Dased on studies of theoretical varancters, !ach effects
were vredicted to vary linearilv with Mach nurber scuwarec. L.ae cata sub-
stantiated this almost without exception and all wverking [ lots were uone
in terms of 'tach souared. Theoretical analysis o0f flow around a cvlincrical
vody predicted that errors associated with anole of attack s.aculd be zero
at zero angle of attack, build slowly but with increasina Lieed to a !t ax-
; irum at 45 dearees angle of attack and return to zero at 9) degyrees angle
of attack. Atterrts to fair the data with several functions which met
this criteria led to use of the functional relationshin

L2
sin ZaB)

s = f{sin2a

LT B’

wiich worked well exceot vhere shocks from other parts of tae HBIU
interfered. Thais arnrcoach resulted in an iteration when determining

x. fror a, but was tecanically the best aoproacia. The data were faired
L% fairind anale of attack at zero ancle of sideslin; then an adjustrent

as made te the fairinas b adding a snall increrent to correct to otier
arclen of sideslip.




A p (DEGREES)

Fairing of the angle-of-attack data at zero anale of sideslip began
by fairing the data for angle of attack and angle of sideslip of zero. The
fairing which is shown in figure 11 along with the data has a large via=
tion from zero at low Mach numbers which decreases to zero at a Macn ou. 1 0.
This deviation was probably caused by the pressure field of the angle-of-
sideslip vane affecting flow around the angle-of-attack vanes. The effect
of the angle-of-sideslip vane was temporarily subtracted from the subsonic
angle-of-attack data during further fairing. The data were then plotted
as Aa p vVersus Mach number squared with lines of a,. The data were easily
fairelf as straight lines in the subsonic region ana supersonically beyond
Mach number of 1.51., However, in the transonic region there were complica-
tions in fairing., Large changes in the magnitude of the value of bap o and
sudden changes in its slope with Mach number made fairing difficulx.
Schlerein photographs taken for flow visualization were examined in an
attempt to explain the rapid changes. The flow visualization studies, which
are partially documented in reference 4, indicated the sudden changes in
characteristics were correlated with the moverent of shocks over the angle-
of-attack vanes. The data were then faired with sharp corners. The result-
ing curves for anale of attack at zero angle of sideslip plotted versus Mach
number with lines of ¢, are shown in Figure 14. The same information with
the subsonic deviation restorea 1s shown 1n tigure 15(a).

The fairings of angle of attack at zero angle of sideslip were compared
with data at other angles of sideslip. The comparison showed good agreement
with data at all angles of sideslip for the supersonic Mach range. Subscnic-
ally there were deviations between the fairings and data which required cor-
rection. A small incremental correction was developed which was a function
of Mach number and true angle of sideslip. The effect of this correction
will be shown in the Results section of this memorandum.
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ANGLE-OF-SIDESLIP FAIRING:

The anale of-sideslin data were faired in a manner very similar to the
anale-of-attack data. The data wvere very consistent and tne clharacteristics
sirilar to ancle of attack when plotted versus Mach number squareu. Tae
saime functional relationshiv was used for angle of sideslip as for angle
of attack so taat
' sin223.)

o

e = f(sinZS‘s

The analysis was very consistent and showed good ciharacteristics up to
a tach number cof 1,30, At ™ach number of 1.30 the ciharacteristics changed
slope with Mach number in a manner similar to angle of attack, and were again
consistent to a !ach number of 1.51. Jeyond a !‘ach number of 1,51, tihe data
. shoved little correlation between ilach numbers and had large, inconsistent
caances in characteristics. For Mach number values of 1.91, 2.11, 2.31,
2.41, and 2.54 the characteristics were so radically different tnat each
‘Macn number was faired incdenendently and straiqht line interwmolation witn
Mach number squared was used. A plot of the characteristics for angle of
attack of 0.0 is shown in figure 16(b). The characteristics beyond a !fach
nurber of 1.51 are caused by numerous shocks impacting t.ae angle-of-sideslip
vane. There is little reason to belicve tinat the straight line segrent ac-
curately remresent tlie characteristics excent in tue irmediate vicinity of
test c¢ata noints.
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RESULTS

The result of the analysis of the NASA/ARC test and data was a fairing
of the error in angle of attack and angle of sideslin. These fairings wvere
effective calibrations of the flow sensing element of the AFFTC NBIU. The
fairings were compared extensively with the corrected test data and showed
acceotable agreerment throughout the envelope of the data. The fairings
were irolerented in a series of FORTRAN IV subroutines useable in data
reduction Yy all flight test programs havine an HNbBIU with compatible con-
ficuration.

ANGLE-OF-ATTACK RESULTS:

The €fairings of the angle-of-attack data are summarized in figure 15.
wae format of the plots was changed from the format used in fairing to
plot error in angle of attack versus “acia number witn lines of indicated
angle of attack. Fiaure 1l5(a) saows an error in indicated angle of attack
at zero andgle of sideslin across the Mach range plotted. The magnitude of
the error increases steacdily through tine subsonic and transonic regions and
lovels off at its largest magnitude between l!iach number values of 1.1 and
1.3. "he error then decreases uniformly to zero around ! ach number value
of 2.5 vaere the data indicates the error changes sign and begins to in-
¢rease in nagnitude again. The error at indicated angle of attack of 0.0
is larye at low "ach numbers due tc the pressure field of the angle-of-
sideslin vane and decreases to zero at !lach number value of 1.0. The error
alsc increases and decreases with the value of indicated angle of attack.
Lifects of argle of sideslir, as shown by figure 15(L), 15(c), and 15(d)
are confined to the subsonic reagion where they are large at low [lach nurnbers
and Jocrease to zero at !ach number value of 1.0. As expected, tae errors
are cdoerendent only on tace magnitude of tae siceslip and not on the direction.

The failrings of the angle~of-attack data are compared with the HA3A/ARC
data in ‘prendix A wita generally good aareement. Agreement is excellent at
angle of sideslin of 0.0 hoth in level and trends, the excention being at
‘lach number values of 0.90 and 0,95 (especially 2.95) waere tae data are
disvlaced because of a reflected shock. The agreement hetween the fairing
and dat~ decrades with angle of sideslin in level, scatter, and short term
trends, but is gencrally good in lonce t2rm trends. 7“he data wvas faired in
this manner because of lower conficdence in tiue data at large anyles of side-
slin and the reducca accuracy usually required at hicgher ancles of sideslin,
Additionally, rany of the short-term trends were possibly due to the wind
tunnel rather than beine IPIU characteristics. Reyvnolds number effects were
investiratecd at “lacih nurber values of 0.99, 1.30, and 1.51. The data conn-
arizon shows nealiaible effect due to Revnolds number.,

ANGLE-OF-SIDESLIP RESULTS:

The falrings of the angle-of-sideslio data are surmarized in figure 16.
The forr.at of the vlots was calanged from the format used in fairing to plot
crror in angle of sideslin versus l!lach number with lines of indicated angle
of 3ideslin. Tiaure 1€ (b) shows an error in indicated andyle of sideslip at
zero angle of attack across the Mach range plotted. The magnitude of tie
crror increases steadily taroucn the subsonic and transonic regions to a
Mach nurber value of 1,3, At !ach number value of 1.3 the curves start to
deviate renidlv te a larqger nevative value and at 1.5 begin tec deviate
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toward positive values as shocks from forward portions of the NBIU interact
with the angle-of-sideslin vane. Effects of anale of attack on tihe angle~
of-sideslip error are shown in figures 16(a), 1l6(c), 16(d), 16{(e), & 16(f).
As expected, the effects of angle of attack on angle-of-sideslip erro. weve
not symmetric,

The fairings of the ancle-of-sideslip data are compared with the NASA/
ARC data in Appendix B with generally good agreement. Agreement is excel-
lent at low and moderate angles of attack and sideslip up to a llacha number
value of 1.3. Beyond a !ach number value of 1.3 the fits are, at best, good
with more scatter and more short-term, ordered deviations from the data.

NBIU CALIBRATION SOFTWARE:

The fairings of the UASA/ARC data were developed into a standard soft-
ware package for use in data reduction. All curves and fairings presente-<l
in this memorandum were machine prepared using this software. The software
consists of six subroutines but the only user interface is with a subrou-
tine called ANGLES. The calling statement

CALL ANGLES (ALFAV,BETAV,AMCT,CONVRA,CONVRE,ALPLA,BETA,IFLAG)

can be inserted in the users code to determine tihe true angle of attack ana
angle of sideslip from the indicated values. The indicated angle of attack,
ALFAV, indicated anqgle of sideslip, BETAV, and freestream Mach number, AliCT,
are input. The convergence factor for angle of attack, CONVRA, and conver-
gence factor for angle of sideslin, CONVR3B, determine tae maximum difference
in two consecutive estimates of the true angles which will end internal iter-
ations. These values will normally be set to zero prior to the first call
so that the default value of 0.000001 will be used but they can be input if
the user desires. The true value of angle of attack, ALPHA, and true angle
of sideslip, BLTA, are outnut along with an error flag, IFLAG. The error
flag is of little concern to the user wio uses the software unmodified and
selects the default convergence factors. Users who do wisin to change eitaer
the software or convergence factors should consult the Prograrmmer's Guice
located in Appendix C of this memorandum.

Potential users of this software should be aware of two important res-
trictions on its use. The calibration is strictly valid only for the hard-
ware configuration tested which had tvo unique features. The first feature
was a modified pitot-static adapter and different pitot-static .iead than
most AFFTC UBIUs. The user should consider changing tihe configuration of
his NBIU to match the documented configuration prior to the flight test pro-
gram. If this is nct practical, the scftware can and has been used to correct
data from other AFFTC HNBIU configurations., Although this is not the recom-
mended aprroach, it gives more accurate results taan previous calibrations
plotting true versus indicated angle of attack from flight data and fairing
the resulting curve. The second feature is a noseboom which is unique to
the TACT program. The effect of noseboom upwash was not removed from the
calibration data. Correction for differences in upwash due to significant
differences in noseboom configuration should be made using the procedure in
reference 7 or some other acceptable method (Recommendation 3).
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CONCLUSIONS AND RECOMMENDATIONS

The use of the NBIU calibration developed from data from the MNASA/ARC
tests significantly improves the accuracy of angle-~of-attack and angle-of-
sideslin data obtained from AFFTC NBIU's and consequentiy improves the
accuracy of the excess thrust calculated from the NBIU longitudinal
acceleration. The use of the software coupled with flight test adjustment
improves results over a sclely flight test calibration whether the
production NBIU or TACT variant is used.

1. The production scf{tware should be used on all §Light test
nrograms ufilizing AFFTC N3IU's, ({page 12)

The best accuracy and highest confidence in the results, however, is ob-
tained if the TACT variant is used.

2, ALL new AFFTC NDIN's should be buillt in the TACT configura-

tion and all existing NBIU's should be modified when practical.
{nage 15)

Since the noseboom conficuration on which the NBIU is mounted can sign-
ificantly affect angle-of-attack errcrs, a correction for differences in
upwash due to differences in noseboom configuration should be made.

' 3. Cornection 4{orn diffenences in upwash due to differences 4in
y noseboom configurnation should be made usina the vrocedure 4in
E nefenence 7 ot some othen accentable method. (page 45)
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APPENDIX A
COMPARISON OF ANGLE-OF-ATTACK DATA AND FAIRINGS

Data from the NASA/ARC calibration of the AFFTC NBIU were plotted on
the same grid as the AFFTC fairing. The data from test 11/97-731 were
first corrected as described in the body of this memorandum and plotted.
The AFFTC fairing as obtained from the production software was also
plotted. Figure Al presents the error in angle of attack due to local
flow for all test Mach numbers and angles of sideslip for a range of
indicated angles of attack.
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Aoc g = NBIU TRUE ANGLE OF ATTACK. OC g~ NBIU INDICATED ANOLE OF ATTACK, OC y | DEGREES)

SYMBOL EXPLANAT [ON

ARFFTC NBIU CRLIBRATION
NASA/ARC 11- X 11-FOOT TUNNEL
TEST 11/97-731 1 MAY 1973

NOTES:
1. RCTURL MARCH NUMBER IS 0.40.

Rg/L = 2.0x108(/FoOT)
AFFTC CURVE

2. OARTRA HAS BEEN CORRECTED FOR 0.025 BIRS.

I

-2.0b- : — ‘ '
Zs.0 8.0 12.0 18.0 20.0

NBIU INDICATED ANGLE OF ATTACK.Xy ( DEGREES)

0.0 4.0 32.0

A) REFERENCE MARCH NUMBER = 0.40
FIGURE Al: RANGLE OF ATTRCK ERROR DUE TO LOCAL FLOW
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NBIU TRUE ANGLE OF RTTRCK, OC g- NBIU INDICATED RANGLE OF ATTACK, OC y (DEGREES)

A LF

AFFTC NBIU CRLIBRATIGN SYRBOL  EXPLANATION
NARSA/ARC 11- X 11-FOOT TUNNEL o Rg/L = 2.6x108(/F00T)
TEST 11/97-731 - 1 MAY 1873 - —  RAFFTC CURVE

NOTES:

L. ACTUAL MACH NUMBER [S 0.60.
2. DRTA HAS BEEN CORRECTED FOR 0.025 BIRS.

1
-

1
!
: % Lo l ! i I
.‘ . Py P N e -
_o.0b i i i | i i l 1 t i i
-4.0 0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0
NBIU [NOICATED ANGLE OF ATTACK.CCy (DEGREES)

B) REFERENCE MACH NUMBER = 0.60
FIGURE Rl1: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)
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NBIU TRUE ANGLE OF ATTACK, OCg- NBIU INDICATED ANGLE OF ATTACK. Xy (DEGREES)

Ao ¢

AFFTC NBIU CALIBRATION SYH8OL  EXPLANATION
NARSA/ARC 11- X 11-FOOT TUNNEL © Re/L = 2.0x108(/F00T)
TEST 11/97-731 - 1 MAY 1873 o Rest = 3.axiBuroOT)
NOTES :

1. ACTUAL MACH NUMBER IS 0.90. . Rg/L = 5.5x108(/Fo0T)
2. DATA HRS BEEN CORRECTED FOR 0.025 BIRS. ———  AFFTC CURVE
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FIGURE RAl:

NBIU INDICRTED ANGLE OF ATTACK.CCy (DEGREES)

D) REFERENCE MACH NUMBER = 0.80
ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW
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AFFTC NBIU CALIBRATION SYMBOL  EXPLANATION

E NASA/ARC 11- X 11-FOOT TUNNEL o Rg/L = 1.8x108(/F00T)
TEST 11/97-731 - 1 MARY 1873 ——  AFFTC CURVE
NOTES:

, 1. ACTUAL HACH NUMBER IS 0.95.

3 2. OATA HAS BEEN CORRECTED FOR 0.025 BIRS.-
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i E) REFERENCE MACH NUMBER = 0.95
j FIGURE Al: ANGLE OF RATTACK ERROR DBUE TO LOCAL FLOW (CONTINUED)
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RFFTC NBIU CALIBRATION SYMBOL  EXPLANATION
NASA/ARC 11- X 11-FOOT TUNNEL ®  Re/L = 2.8x1081/F0OT)
TEST 11/97-731 - 1 MAY 1973

_— AFFTC CURVE

NOTES:
1. RCTUAL MACH NUMBER IS 1.0S.
2. DATA HAS BEEN CORRECTED FOR 0.02S BIRS.

NBIU TRUE ANGLE OF RATTACK, OC g- NBIU INDICAYED ANGLE OF ATTACK. C y (DEGREES)

o .
i i N

' S-1.0f : : 2 S

: 8 SIS SR S I A B P ] R B OSSN
i < TSN

T f T e -
R T ARETRE SIS EEHI S = “\’\\ :
. -2.0 . [ ; . . - : .
-4.0 0.0 4.0 8.0 12.0 18.0 20.0 24.0 28.0 32.0

NBIU INDICATED ANGLE OF ATTACK,CCy (DEGREES)

F) REFERENCE MRCH NUMBER = 1.05
FIGURE Al: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)
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AFFTC NBIU CALIBRATION SYWROL - EXPLAMAT (oK

NASA/ARC 11- X 11-FOOT TUNNEL o Re/L = 2.9%108(/F00T)
TEST 11/97-731 - 1 MAY 1873
NOTES :

1. ACTURL MACH NUMBER IS 1.1G.
2. DATA HAS BEEN CORRECTED FOR 0.025 BIRS.

—— AFFTC CURVE

Lo T T .
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|
SO SESOVESI FSUET
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‘4.0 0.0 «.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0
! NBIU INDICATED ANGLE OF ATTACK.CCy { DEGREES)

G) REFERENCE MACH NUMBER = 1.10
FIGURE Al: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW [(CONTINUED)
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AFFTC NBIU CALIBRATION
NASA/ARC 11- X 11-FOOT TUNNEL
TEST 11/97-731 - 1 MAY 1973

NOTES:
1. RCTURAL MACH NUMBER IS 1.20.
2. DATA HAS BEEN CORRECTED FOR 0.02S BIRS.

SYNBOL  EXPLANATION
o Re/L = 3.1X108(/F0OT)
——  RFFTC CURVE

Aot ¢ = NBIU TRUE ANGLE OF ATTACK. C g- NBIU INDICRTED ANGLE OF RTTACK, OCy (DEOREES)

N e S N
? i : - b : .l
SR AP NN CEON A JEON AN S ~—}~‘*~L[ .
-2.0 ‘ ' S ; 3 f U SR NS5 W e Y I - ‘
-4.0 0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0

NBIU INDICATED ANGLE OF ATTACK.OCy (DEOREES)

H) REFERENCE MACH NUMBER = 1.20
FIGURE Al: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)
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AFFTC NBIU CALIBRATION BrnoL - EXPLANAT IoN
NASA/ARC 11- X 11-FOOT TUNNEL ) Re/L = 2.4x108(/F00T)
TEST 11/97-731 - 1 MRY 1973 + Re/L = 3.7X1081 -~ ~ar)
NOTES :

— RFFTC CURVE

1. ACTURL MACH NUMBER I8 1.30.
2. DRTA HAS BEEN CORRECTED FOR 0.025 BIRS.

P

AQC fp = NBIU TRUE ANGLE OF ATTACK.OCg- NBIU INDICATED ANGLE OF ATTACK, & y (DEGREES)

T TR IO IO [ BN INT B B \ Lt . :
24.0 28.0 32.0

- e Lol D 0o o o _

-2.0 : . }_‘ i RSN I I P
v ¢ -4.0 0.0 4.0 8.0 12.0 18.0 20.0
‘ NBIU INOICATED ANGLE OF ATTACK.CCy {BEGREES)

1) REFERENCE MACH NUMBER = 1.30
FIGURE Rl: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)
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AFFTC NBIU CRLIBRATION SYMBOL  EXPLANATION
NRSA/ARC 11- X 11-FOOT TUNNEL ) RE/L = 4.1x108(/F00T)
TEST 11/97-731 - 1 MRAY 1973

— AFFTC CURVE

NOTES :
1. ACTUAL MARCH NUMBER IS 1.40.
2. DATA HAS BEEN CORRECTED FOR 0.025 BIRS.

NBIU TRUE ANGLE OF RTTACK. OCg- NBii INDICATED ANGLE OF ATTACK, & y (DEGREES)

A (¢

~4.0 0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0
NBIU INDICRTED ANGLE OF ATTACK,OCy {DEGREES)

J) REFERENCE MACH NUMBER = 1.40
FIGURE R1: ANGLE OF RTTRACK ERROR DUE TO LOCAL FLOW (CONTINUED)




AFFTC NBIU CALIBRATION

EXPLANRT [ON

NRSA/RRC 9- X 7-FOOT TUNNEL
TEST 11/97-731 1 MAY 1973

1. ACTUAL MACH NUMBER IS 1.5S.
2. DATR HAS BEEN CORRECTED FOR 0.095 BIRS.

Re/L = 2.0x108(/F00T)
Rg/L = 4.0x108(/Fn0T)
AFFTC CURVE

NBIU TRUE ANOLE OF RTTACK, OC g- NBIU INDICATED ANGLE OF ATTACK, OCy (DEGREES)

Ax LF

NBIU INDICATED ANGLE OF ATTACK.OCy (DEGREES)

K} REFERENCE MACH NUMBER = 1.51

28.0 32.0

ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)

FIGURE Al:
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AFFTC NBiU CALIBRATION SYBOL  EXPLANATION

NASKR, RFC 9- X 7-FOOT TUNNEL ® Re/L = 3.7x108(/FOOT)
TEST 11.,97-1731 - 1 MAY 1973

NOTES :

RLTI'AL MACH NUMBER [S 1.72.
? 0ATA MAS BFEN CORRECTED FOR 0.09S BIRS.

- AFFTC CURVE
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T e

! TEST 11/97-731 - 1 MARY 1973

\

| AFFTC NBIU CALIBRATION srmsoL  ExrLawariow
! NRSA/ARC g- X 7-FOOT TUNNEL o Rg/L = 4.3x108(/F00T)

—_— RFFTC CURVE
NOTES :

1. ACTURL MACH NUMBER IS 1.88.

2. DATR HAS BEEN CORRECTED FOR 0.09S BIRS.
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NBIU INDICATED ANOLE OF RTTACK,.CCy (DEGREES)
i M) REFERENCE MRARCH NUMBER = 1.91
: FIGURE Rl: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)
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X y | DEGREES

ATTACK,

S8y INDICRTED ANGLE 3¢

RUE ANGLE OF ATTACK, . g-

-
'

= NEIU

L oF

REFTC NBIU CRALIBRATION SYMBOL  EXPLANATION
HASH/ARC 9- X 7-FO00T TUNNEL o Re/L = 4.2x1081/F00T)
TEST 11/97-73Y - 1 MAY 1973

NOTES :

t ACTUAL MACH NUMBER IS 2.07.
2. GATA HRS BEEN CORRECTED FOR 0.09S5 BIAS.

- - AFFTC CURVE

1

‘a0 0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0
NBTU [NDICATED ANGLE OF ATTACK,CCy (OEOREES)

N) REFERENCE MACH NUMBER = 2.1
Fooure Wi wNGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)




AFFTC NBIU CALIBRATION SYMBOL  EXPLANATION
NHSH/F‘RC g_ X 7"FO0T TUNNEL V] RE/L :4-IX108(/F00T)
TEST 11/97-731 - 1 MAY 1973

NOTES :
1. ACTUAL MACH NUMBER IS 2.27.

—— AFFTC CURVE

2. ORTR HRS BEEN CORRECTED FOR 0.09S BIRS.
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FIGURE Al: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)

63




—

U CARLIBRATION STMBOL  EXPLANATION
X 7-F00T TUNNEL o Rg/L = 3.7x108(/FOOT)
1 1 MAY 1973

T 1B
NASH/ARC 9
TEST 11,97
NOTES:

1. ACTURL HRCH NUNBER IS 2.39.
2. DATR HAS BEEN CORRECTED FOR 0.09S BIRS.
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Q) REFERENCE MACH NUMBER
ANGLE OF ATTRCK ERROR OUE TO LOCAL FLOW

(CONCLUDED)

FIGURE Al:
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APPENDIX B
COMPARISON OF ANGLE-OF-SIDESLIP DATA AND FAIRINGS

Data from the NASA/ARC calibration of the AFFTC NBIU were plotted on
the same grid as the AFFTC fairing. The data from test 11/97-731 were
first corrected as described in the body of this memorandum and plotted.
The AFFTC fairing as obtained from the production software was also
plotted. Figure Bl presents the error in angle of sideslip due to local 1
flow for all test Mach numbers and angles of attack for a range of 1

i

indicated angles of sideslip.
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AFFTC NBIU CALIBRATION SYWBOL - ExPLANAT LN
NRSA/ARC 11- X 11-FOOT TUNNEL o Rg/L = 2.0X108(/FOOT)
TEST 11/97-731 - 1 MRY 1873

—_— AFFTC CURVE

NOTES :
1. ACTUAL MACH NUMBER IS 0.40.
2. DATAR HAS BEEN CORRECTED FOR -.285 BIARS.

o

AB F = NBIU TRUE ANGLE OF SIDESLIP., &g - NBIU INDICATED ANGLE OF SIDESLIP. &y (DEGREES)

»
L]
-

Gpodmnt mdesodom e Ty T f L
0.0 2.0 4.0 10.0 . 14.0
NBIU INDICATED ANOLE OF SIDESLIP.#y (DEGREES)

A) REFERENCE MACH NUMBER = 0.40
FIGURE Bl: ANGLE OF SIDESLIP ERRCR DUE TO LOCAL FLOW
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NBIU TRUE ANGLE OF SIDESLIP. &g - NBIU INDICATED ANGLE OF SIDESLIP, &y (DFGREES)

AB ¢

-1.0

-2.0
-4

FI

AFFTC NBIU CALIBRATION SYWBOL  EXPLANATION

NRSA/ARC 11- X 11-FOOT TUNNEL ® Re/L = 2.6x108(/FoOT)

TEST 11/97-731 - 1 MAY 1973 ——  AFFTC CURVE

NOTES:
L. ACTUAL MACH NUMBER 1S 0.60.
2. DATR HAS BEEN CORRECTED FOR -.285 BIRS.

g 1.0 ]
3:5= 0.0 ; v
T &gt
T «a:-ﬂ.ﬂ_ iwv_
IR Rl s s s ter S R
.0 -2.0 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
NBIU INDICATED ANGLE OF SIDESLIP.&y (DEGREES)
B) REFERENCE MACH NUMBER = 0.60
GURE B1l: ANGLE OF SIDESLIP ERROR OUE TO LOCAL FLOW (CONTINUED)




AFFTC NBIU CALIBRATION Sribo. - cxrumvaTion
NARSA/ARC 11- X 11-FOOT TUNNEL o RelL=2-lX103l/F00T)
TEST 11/97-731 - 1 MAY 1973

—_— AFFTC CURVE

NOTES:
1. RCTURL MACH NUMBER IS 0.80.
2. DATA HAS BEEN CORRECTED FOR ~.28S BIRS.

- o Lt - — T
i - T ————— - —— FEE P R
: : T — ety 1o L
”»ﬂ’ffj”?:if”f“;'f"f R A -

NBIU TRUE ANGLE OF SIDESLIP, &g~ NBIU INDICARTED ANOLE OF SIDESLIP, &y (0EOREES)
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BT S ;& sl
4.0 8.0 8.0
NBIU [NOICATED ANOLE OF SIDESLIP.@y (DEGREES)

C) REFERENCE MACH NUMBER = 0.80
FIGURE Bl: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONTINUED)




AFFTC NBIU CALIBRATION STMBOL  EXPLANATION
NASA/ARC 11- X [1-FOOT TUNNEL ) ResL = 2.0X106(/F0OT)
TEST 11/97-731 - 1 MAY 1973 + Re/L = 3.3%108(/F00T)
NOTES :
!. ACTUAL MACH NUMBER 5 0.90. x Re/L = S.Sx108(/Fo0T)
2. DATA WAS BEEN CORRECTED FOR -.285 BIRS. ~—  RFFTIC CURVE
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NBIU [NOICRTED ANGLE OF SIDESLIP.&y (DEGREES)

D) REFERENCE MACH NUMBER = 0.8C
FIGURE B!: ANGLE OF SIDESLIP ERROR DUE T0 LOCAL FLOW (CONTINUED)
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AB F = NBIU TRUE ANGLE OF SIDESLIP, 8- NBIU INDICRTEC ANGLE OF SIDESLIP. &y (DEGREES)

AFFTC NBIU CALIBRATION smeoL  exrLomarton
NASA/ARC 11- X 11-FOOT TUNNEL -
TEST 11/97-731 - 1 MAY 1873 ©  fert = i-axghureon

-_— RAFFTC CURVE

NOTES:
1. ACTURL MACH NUMBER IS 0.9S.
2. DATAR HAS BEEN CORRECTED FOR -.28S BIAS.

R R
e R R
: : 1 i1
2.0 8.0 10.
NBIU INDICATED RNGLE OF SIDESLIP.@y (DEGREES!

0

E) REFERENCE MACH NUMBER = 0.85
FIGURE Bl: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONTINUED)
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AFFTC NBIU CALIBRATION SyneoL - ExPLANAT IoN
NASA/ARC 11- X 11-FOOT TUNNEL o Rg/L = 2.8X108(/FOOT)
TEST 11/87-731 - 1 MAY 1973

- RFFTC CURVE

NOTES:
1. ACTUAL MRCH NUMBER [S 1.0S.
2. OATA HAS BEEN CORRECTED FOR -.285 BIRS.

NBIU TRUE ANGLE OF SIDESLIP, &g - NBIU INDICATED ANGLE OF SIDESLIP. &y (DEGREES)
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-4.0 -2.0 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

NBIU INDICATED ANGLE OF SIDESLIP.&y [ DEOREES)

F) REFERENCE MARCH NUMBER = 1.05
FIGURE B1: ANGLE OF SIDESLIP ERROR DUE TO LOCRL FLOW (CONTINUED)
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NBIU TRUE ANGLE OF SIDESLIP, &g - NBIU INOICATED ANGLE OF SIDESLIP. &y (DEOREES)

AR

AFFTC NBIU CALIBRATION SYhBoL  EXPLAMATIoN

NASA/ARC 11- X 11-FOOT TUNNEL o Re/L = 2.9X106(/Fo0T)
TEST 11/97-731 - 1 MAY 1973 —  AFFTC CURVE
NOTES :

L. RCTUAL MACH NUMBER IS 1.10.
2. DATA HAS BEEN CORRECTED FOR -.285 BIRS.
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NBIU INDICATED ANGLE OF SIDESLIP.&y (DEGREES)

G) REFERENCE MACH NUMBER = 1.10
FIGURE B1: RANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONTINUED)
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AFFTC NBIU CALIBRATION STMOL - ExrLANATfow
NARSA/ARC 11- X 11-FOOT TUNNEL o Rg/L = 3.1X108(/F00T)
TEST 11/87-731 - 1 MAY 1873

—— AFFTC CURVE
NOTES:
1. ARCTURL MACH NUMBER IS 1.20.
2. DATA HAS BEEN CORRECTED FOR -.28S BIRS.

NBIU TRUE ANGLE OF SIDESLIP, &g - NBIU INDICATED ANGLE OF SIDESLIP, &y (DEGREES)

e i ol 002 2an ant

ABr

-4.0 -2.0 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
NBIU INDICATED ANGLE OF SIDESLIP.8y (DEGREES)

H) REFERENCE MACH MUMBER = 1.20
FIGURE B!: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONTINUED)
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AFFTC NBIU CALIBRATION SYNBOL - EXPLANATION
NRSA/ARC 11- X 11-FOOT TUNNEL (] Rg/L = 2.4x108(/F00T)
TEST 11/87-731 - 1 MAY 1973 + Rg/L = 3.7X108(/F00T)
NOTES:

1. ACTURL MACH NUNBER IS 1.30. RFFTC CURVE

2. DATA HAS BEEN CORRECTED FOR -.28S BIRS.

AMB g = NBIU TRUE ANGLE OF SIDESLIP, &g~ NBIU INDICATED ANOLE OF SIOESLIP. #y (DEOREES)

2.0 T S IR 1 ] i
‘4.0 2.0 0.0 2.0 4.0 8.0 8.0 10.0 12.0 14.0
NBIU INDICATED ANGLE OF SIDESLIP.@y (DEGREES)

[) REFERENCE MACH NUMBER = 1.30
FIGURE B1: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONTINUED) i
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A A F = NBIU TRUE ANGLE OF SIDESLIP, &g - NBIU INOICATED ANGLE OF SIDESLIP, 8y (DEGREES)

EXPLANATION

RFEFTC NBIU CARLIBRATION Srneo
NASA/ARC 11- X 11-FOOT TUNNEL o
TEST 11,97-731 - 1 MAY 1873 o
NOTES:

1. ACTURL MRCH NUMBER IS 1.40.
2. ORTA HAS BEEN CORRECTED FOR -.285 BIRS.

Re/L = 4.1x108(/Fo0T)
AFFTC CURVE

7.0 e e e

4.0— - - - U USRS - —

2.0~ . . S

4.0 -2.0 0.0 2.0 4.0 6.0 8.0 10.0
NBI') INDICATED ANGLE OF SIDESLIP.#y (DEGREES!

J1 REFERENCE MACH NUMBER = 1.40

FIGURE Bi:
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AFFTC NBIU CALIBRATION SYnAo.  CXTLANRTION
’ NASAR/ARC 9- X 7-FOOT TUNNEL ® Re/L = 2.0X108(/F00T)
r TEST 11/87-731 - 1 MAY 1873 + Rg/L = 4.0X108(/FOOT)
NOTES:

1. ACTUAL MACH NUMBER IS 1.5S. RAFFTC CURVE

2. OATA REQUIRED NO CORRECTION FOR BIRS.

NBIU TRUE ANOGLE OF SIDESLIP. &g - NBIU INDICATED ANGLE OF SIDESLIP, &y (DEOREES)

AB ¢

! l4.0 -2.0 6.0 2.0 4.0 5.0 8.0 10.0 ¥ 14.0
NBIU INDICRTED ANOGLE OF SIDESLIP.A8 (DEOREES)

K) REFERENCE MACH NUMBER = 1.51
FIGURE B1: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONTINUED)
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AFFTC NBIU CHLIBRATION SYMBOL  EXPLANRTION
NASA/ARC Q- X 7 FOOT TUNNEL 5> ResL - 3.7%108(/Fo0T)
TEST 11797-731 - 1 MAY 1973 €

RFFTC CURVF
NOTES:
1 ACTURAL MACH NUMBER [S 1.72.
2. DATR REQUIREN NO CORRECTION FOR BIRS.
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i
1 REFERENCE MACH NUMBER = 1.71
t FifGuFEs =t om0 0F SIDESLIP ERROR DUE T8 LOCAL FLOW (CONTINUED)
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NBIU TRUE ANGLE OF SIDESLIP, &g - NBIU INDICATED SNGLE OF SIDESLIP, &y (DEGREES)

ABF

AFFTC NBIU CALIBRATION SYUBOL  EXPLANATLON
NASA/ARC 9- X 7-FOOT TUNNEL o Rg/L = 4.3X108(/F00T)

TEST 11/97—73? - 1 MAY 1873  AFFTC CURVE
NOTES :
1. ACTURL HACH NUMBER IS 1.88.

2. DATA REQUIRED NO CORRECTION FOR BIRS.

7.0 1 T T : ! l T T ‘ T
N —i A 5-~wglr— l e e l, -
H H H : | ! 1 [ ! !
5.0 i : ! ; : -+ ' ' : : 1
AR 1 RN ;
| ; i 1 i a : : 1 ;
5.0 : : I : : ; i % : .
1 b { 1 b ! i
00 O T R O S N )
.o R R A i |
: i i z I i ! i \ ; ! ', i s s
R It S T N ? f ;
3.0 i : ' f ’ R 4 ! e
,5,; i : | | ; i | , ; i i
: ‘ i i : ' ! ;
2.0 : : ; : + L + ;
| i i ! ! '

l4.0 -2.0 0.0 2.0 4.0 5.0 8.0 10.0 12.0 14.0
NBIU INDICRTED ANGLE OF SIDESLIP.#, (DEGREES) r

M) REFERENCE MACH NUMBER = 1.81
FIGURE Bl: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONTINUED)
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AFFTC NBIU CALIBRATION STHBOL - ExPLANAT oK
NRSR/RRC 9- X 7-FOQT TUNNEL o Re/L = 4.2X106(/Fo0T?
rest 11/8¢7-731 - 1 MARY 1973 -

— AFFTC CURVE
NOTES:
t. ACTURL MACH NUMBER IS 2.07.
2. UOA'A REQUIRED NO CORRECTION FOR BIRS.

'hOSICEILIP, By (DEGREES)
>
=)
T
|
|
I
i
|
!
|

e T

SNGL

INDICRTEL

WHiU

A8 ¢ = N3IJ TRUE ANGLE OF SIQESLIP, &g - »

‘e -2.0 9.0 2.0 4.0 6.0 8.0 0.0 12.6 14.0
NBTU INDICATED ANGLE OF SIDESLIP.A&y (DEGREES)

NJ REFERENCE MACH NUMBER = 2.11
FIGURE B1: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONTINUED)
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AFFTC NBIU CALIBRATION svmaow  exeLawATIoN
NHSH/RRC g- X 7-FOO0T TUNNEL ®© Re/L =‘_1xl05|/ru°7)
TEST 11/87-731 - 1 MAY 1873
NOTES:

1. ACTUAL MACH NUMBER IS 2.27.
2. DATA REQUIRED NO CORRECTION FOR BIRS.

—_— RFFTC CURVE

AA F = NBIU TRUE ANOLE OF SIDESLIP. &g~ NBIU INDICATED ANGLE OF SIDESLIP, 8y (DEGREES)

-2.0 RS SR { H i R I ; [ .
-4.0 -2.0 0.0 2.0 4.0 8.0 8.0 10.0 12.0 14.0
NBIU INDICATED RNOLE OF SIDESLIP.&y (DEGREES)

0) REFERENCE MACH NUMBER = 2.31
FIGUPS B1: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONTINUED)
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;ICFSLIP, By (GEGREES)

]

oF

NBIU INDICATED ANGLE

NBIU TRUE ANGLE OF SIDESLIP &g -

ABf

)

FIGURE B1:

AFFTC NBIU CALIBRATION STHOOL  ExPLANT IO
NRSA/ARC 8- X 7-FOOT TUNNEL o Re/L = 3.7%x106( /FoOOT)
TEST 11/97-731 - 1 MAY 1873 . arere conve
NOTES:

1. ACTURL MACH NUMBER IS 2.39.
2. DATA REQUIRED NO CORRECTION FOR BIARS.
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P) REFERENCE MACH NUMBER = 2.41
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AFFTC NBIU CALIBRATION STIBOL - ExPLANATIOK
NARSR/ARC 9- X 7-FOOT TUNNEL ) Rg/L = 9.6x108(/F00T)
TEST 11/97-731 - 1 MAY 1873

—— AFFTC CURVE
NOTES:
t. RACTUAL MACH NURBER IS 2.SS.
2. DATR REQGUIRED NO CORRECTION FOR BIRS.
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: Q) REFERENCE MACH NUMBER = 2.54
FIGURE Bl: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONCLUDED)
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APPENDIX C

PROGRAMMER’S GUIDE TO THE
AFFTC NBIU CALIBRATION SOFTWARE

INTRODUCTION

Prograrmer inforration for the software waich was developed to
irplement the fairings of the wind-tunnel calibration of tae AFFTC
WBIU Ls contained in this anrencdix. The scftware is not "stand alone'
software, but was desicned to be included in data reduction routines.
Tiicse subroutines represent an "instrument calibration” for the NBIU
rmica should he applied te the indicated values prior to corrections
for nitch rate, uowash, or boom bending,
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NBIU CALIBRATION SUBROUTINES
SUBROUTINE ANGLES:

Purpose. Subroutine ANGLES is tae user interface with the
NBIU calibration seoftware. It is callec with the inaicated angle
of attack, indicated angle of sideslin, freestream Mach nurber, and
user-defined convergence factors (if desired) and returns NBIU true
angle of attack, 'IBIU true angle of sideslip, and an error flag. It
checks the input data and performs the outermost iteration involving
convergence of angle of attack and anule of sicdeslin to taeir true
values,

Conditions of Validity.

{1) 7The external configuration of the test .IBIU rust closely
match the wind-tunnel conficuration as cescribed in the Test IBIU
section of this memorandur.

(2) This subroutine reauires tie NDIU indicated angle of
attack to be greater <nan -10.0 degrees and less than +40.J) degrees.
If the value is outside these lirits, nc calculations are rade and
the MBIU true angle of attack returned is the same as tihe value when
ANGLES was called whether fron user iritialization, a previous cali,
or computer core initialization.

(3) This subroutine requires tne NBIU indicatecd angle of
sideslip to be greater than -15.,0 dearees and less than +15.) degrees.
If the value is outside these limits, no calculations are mace and
the IBIU true angle of sideslin returned is the same as the value
when ANGLES was called wnether from user initialization, a previcus
call, or computer core initialization,

(4) It is assumed taat Macn number inout will be greater
than 3.0 and will not exceed 2.55 bv a siagnificant amount. I[io checks
are made within the !IBIU calibration scoftware on ilach number, Values
less than 0,0 obviously rerresent invalid data which the user must
edit. Values greater than 2,35 cause extrapolation of curves which
were defined by data less than or ecaual to 2.55., The extrapolated
values may or may not be valid and confidence decreases rapidly as
Mach number increases.

(5) It is assumed tiat tihe user will either accept the

default values of converygence factor (the allowable difference between

two consecutive iterations) on angle of attack and angle of sideslip,
or substitute reascnable values. Increasing or decreasing the con~
vergence factors may decrease or increase run time by a very small
amount. Any decrease or srall increase in the convergence ifactors
will not significantly affect accuracy, but large increases could
reduce the accuracy significantly.
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Storage Reauired.

OCTAL WORDS

DECIMAL WORDS

156 110

suborograms Used.

DPLLALF, DELBET, ABS(absolute function)

Calling Statement.

CALL ANGLES (ALFAV,BETAV,AMCT,CONVRA,CONVRB ,ALPHA,BETA, IFLAG)

Calling Argument Innut,

INPLT DESCRIPTION UNITS
o, ALFAV NBIU indicatecd angle of attack deg
Sy BETAV NBIU indicated angle of sideslip deq
! AMCT freestream Mach number N=-D
Lucon CONVRA angle-of-attack convergence factor ceg
“Jcon CONVRB angle-of-sideslip convergence factor dey
Calling Argument Output.
JUTPUT DESCRIPTION UNITS
a ALPHA WNBIU true angle of attack deg
2 SETA iBIU true angle of sideslip deg
IFLAG error flag (see Lrror Flag Structure subsection) ——-
Major Internal Variables.
VARIABLE DESCRIPTION UNITS
a” ALFAP previous iteration value of ALPHA aeg
2 SETAP previous iteration value of BLTA deg
Plal DMLFA absolute value of difference in ALPHA Letween deg
two consecutive iterations
tan DRETA absolute value of difference in BETA between deg

two consecutive iterations
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Error Flag Structure.

The error flag output by ANGLES denotes an error and/or error:
which occurred within the NBIU calibration software, The flay value
can he decoded to define all critical errors which occur with the pos-
sible exception of problerms caused by user innut of MNach number or
convergence factors. The error flag uses two digits to define
errors or error combinations; the 1's digit denotes an error in the
input data or problems with convergence of either angle of attack or
angle of sideslip and the 10's diuit denotes problems with convergence
of the larger iteration involving both angle of attack and angle of
sideslin, The errors are summarized below where an X in either the
1's or 10's digit denotes insignificance of the dicit value to tae
particular error. It should be noted that any but the first or second
value of the error flag denotes software problems rather than data
problemns., Convergence failure with the cdefault convergence factors
indicates a problem at the intersection of two segments of the curves
which was undetected during checkout or, more likely, a card which was
inadvertently changed durina copying or loading of the routines.
Although no convergence failure has ever been noted with the final
software, the user should provide anmoropriate checks of the error
flag to insure that valid results are beinac obtained.

IFLAG
VALUE DESCRIPTION OF ERRORS
0 No errors encountered
1 Innut value of ALFAV or BETAV is outside allowable
limits: WNo calculations are made; ALFA and BETA
values returned or from previocus calls or user
initialized values
X2 Convergence within subroutine CNVRG on angle of
attack failed to converae within 20 iterations
X3 Convergence within subroutine CNVRG on angle of
sidesliv failed to converge within 20 iterations
X5 Convergence within subroutine CNVRG on both angle
of attack and angle of sideslip failed to converge
within 20 iterations
2X Convergence within subroutine ANGLES on anygle of
attack failed tc converage within 20 iterations
3X Convergence within subroutine ALGLES on angle of
sideslip failed to converge within 20 iterations
5X Convergence within subroutine ANGLES on both angle

of attack and angle of sideslivp failed to converge
within 20 iterations
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Program Descriotion., subroutine ANGLES receives inputs from
user routines, sets the convergence factors to the default values if
nene are snecified, and checks that input values are within acceptable
limits., If all inobuts are within limits, it initializes the “true"
angles of attack and sideslip to the incdicated values, Based on the
best estimates of the true angles, errors due to local flow are cal-
culated and the estimates of true angles are updated. The process
of calculatinyg errors due to local flow and updating tne estimates
of the true angles continues until both alpha and beta on two
; consccutive iterations are within their resnective converyence
i factors. 1If either iteration fails to converge after 20 passes, the

b error flac is set and the value of ALPiiA and BETA returned is the last
3 estimate. The flow diagram and program listing which follow provide
Jdetails of the subroutine omeration.

Program Listing.

SUBROUTINE ANGLES (ALFAV,BETAV,AMCTyCONVRA,CONVRBJALPHASBETASLFLAG)ANGLES 1
é C R R R AR AR R RN E R AR E AR R E R R SRR e SR D e oA AR QXEANGLES 2
C ANGLES 3
C SUBROUTINE ANGLES UETERMINES TRUE ANGLE OF ATTACK AND TRUE ANGLE ANGLES 4
C OF SIDESLIP GIVEN THE INDICATED VALUES FOR THE STANDARY AFFTC ANGLES 9
C NOSEBUUM INSTRUMENTATIUN UNIT (NBIU) AS REFERENCED IN REPURT ANGLES ©
c AFFTC~TIM-81=23"AERUDYNAMIC CHARACTERISTICS OF THe AFFTC NUSEBOOX ANGLED 7
c INSTRUMENTATION JUNIT®. LIMITS FOR INDICATED ANGLE UF ATTACK ARE ANGLES 8
C =100 TU ¢4Us0 DEGREES AND FOR INDICATEU ANGLE OF SIQESLIP ARE ANGLEDS 9
{ C —15.0 TO +15.0 EGREES. ANGLESLO
' C ANGLESILL
{ \ c EXTERNAL VAXRIABLES- ANGLESL2
} C NAME DESCRIPTION UNITS ANGLESLS
c INPUT = ALFAV - BUUM INDICATED ANGLE UF ATTACK -~ DEGREES ANGLESL4
C BETAY - BUOM INDICATED ANGLE UF SIDESLIP - DEGREES ANGLESILS
i C ANCT ~ FREESTREAM MACH NUMBER — #%%%EEE ANGLESLG
C CUNVRA ~ ITERATIUN CONVERGENCE FACTOR FUR ANGLESLY?
C ANGLE OF ATTACK (DEFAULT=,000001) - DEGREES ANGLESLY
1 C CONVR3 - ITERATION CONVERGENCE FACTUOR FOKR ANGLESL9
‘ ' C ANGLE OF SIDESLIP (DEFAULT=.000001) - DEGREES ANGLESZU
4 c OUTPUT - ALPHA - BOOM TRUE ANGLE OF ATTACK - DEGREES ANGLESZ21
¢ BETA - BUUN TRUE ANGLE UF SIUQESLIP - DEGREES ANGLES22
c IFLAG - ERROR FLAG - #%kEFEE ANGLES23
C IFLAG= OyNO ERRORS ENCOUNTERED ANGLESZ24
C IFLAG= 1,ALFAV UR BETAV IS OUTSIDE ANGLES2S
c ALLONWABLE LIMITS ANGLES26
C IFLAG=X2sCNVRG INTERNAL CONVERGENCE ANGLESZ27
C ON ANGLE OUF ATTACK FAILED ANGLESZ2S
c IFLAG=X3yCNVRG INTERNAL CONVERGENCE ANGLESZY
C ON ANGLE OF SIDESLIP FAILED ANGLES30
C IFLAG=X9,CNVRG INTERNAL CONVERGENCE ANGLES3]
C ON ANGLE OF ATTACK AND ANGLES32
i C ON ANGLE OF SIDESLIP FAILED ANGLES33
C IFLAG=2X,ALFA CONVERGENCE INCOMPLETE ANGLES 34
C AFTER 20 ITERATIONS ANGLES3S
* C IFLAG=3XyBETA CUNVERGENCE INCOMPLETE : ANGLES36
C AFTER 20 ITERATIONS ANGLES37
C IFLAG=5XsALFA AND BETA CONVERGENCE ANGLES38
C INCUMPLETE AFTER 20 ANGLES39
C I TERATIONS ANGLES40
C ANGLES4]
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REVISION RECORD- ANGLESAZ
NAME DATE ANGLES43

WRITTEN B8Y — MARK KORSMU 9 FEB 19748 'GLES44
REVISED BY - KEN RAWLINGS 23 JuL 1981 ANGLIS4S
ANGLES46

BB AR ER SRS E R XRSRARS G ARAE S XSRS B I3 A SR G A RSN SAS o2 R EsheerANGLESG?7
OATA CONA,CONB/.000001,.000001/ ANGLES 48
SET VEFAULT YALUES FOR CONVERGENCE FACTURS --- ANGLES A9
IF(CONVRA .EQ. 0,0) CONVRA=CONA ANGLESSO
IF(CONVRB +EQ. 0.0) CUNVRB=CONB ANGLESS]
CHECK FOR INPUT VALUES OUTSIDE LIMITS =—- ANGLESSZ
IFLAG=1 ANGLESS3
IF((ALFAY JLT. -10.0) JOR. (ALFAY .GT. 40.0)) RETURN ANGLESS4
IFU(BETAY LT, =-15.0) LOR. (BETAY .GT. 15.0)) RETURN ANGLESSS
INITIALIZE ITERATION VARIABLES ANGLESNS®E
IFLAG=0 ANGLESS7
ALPHA=ALFAY ANGLESSS
BETA =BETaV ANGLESS59
ITERATE TO O8TAIN ALPHA AND BETA ~—- - —ANGLES60
00 100 I=1,20 ANGLES®G6L
ALFAP=ALPHA ANGLES6H2
BETAP=8ETA ANGLES63
CALL DELALF(ALFAV,8ETA sAMCT CONVRA,IFLAG,ALPHA) ANGLESO4
CALL DELBET(ALPHA,BETAVAMCToCONVRBIFLAGSBETA ) ANGLESG6S
DALFA=ABS{ALPHA-ALFAP) ANGLESLS
DBETA=ABS(BETA —-BETAP) ANGLESO7
IF({DALFA (LE, CONVRA) +AND. (DBETA +LE.CUNVRB)) RETURN ANGLESG6®
CONTINUE ANGLESSEY
SET FLAG DENUTING FAILURE OF ALPHA/BETA ITERATION TU CUNVERGE —-—-—-ANGLEST7C
IF(DALFA «GT. CONVRA) IFLAG=IFLAG+20 ANGLES71
IF(DBETA GT. CONVRB) IFLAG=IFLAG+#+30 ANGLEST72
RETURN ANGLEST73
END ANGLES 74




SUBROUTINE DELALF:

Purpose. Subroutine DLELALF calculates the NBIU true angle
of attack from the NBIU indicated anale of attack, NBIU true angle
~f sicdeslin and freestrear Mach number. DELALF is called from the
iterative loop in subroutine ANGLES with the NBIU true angle of side~
slin eaqual to the latest estimate in order to update the estimate
of NBIU true anale of attack.

Storace Reauirec.,

OCTAL WORDS DECIMAL «ORDS
55 45

Suborograms Used,

DALFAO, COS (cosine function), ABS (absolute function)

Callina Statement,

CALL DULALF (ALTAV,BETA,AMCT,COMNVRA, IFLAG,ALPHA)

Callina Arcument Input.

InpUe DESCRIPTION UNITS
1, ALFAV IBIU indicated anale of attack dey
STTA ARIU true anale of sideslin cec
AMCT freestream !lach number =D
tacon CONVRA ancle-of-attack convergence factor dec
ITLAG error flaa (3ece Lrror PPlag Structure, Sub- -
routine AUGLES)
Callina Argurentas Jutnut,
2UTPUT DESCRIPTION UNITS
o AR HADRIT true anale of attack deg
ITLAG error flag (see Lrror Flaag Structure, Sub-~ -—-
routine NIGLLS)
‘ajor Internal Variables,
VARTADLL DCSCRIPTION UNITS
g ALPHAO NRIU true anole of attack for inrnut indicated ceq
anale of attack and freestrear Mach nurmber but
UTNIU true ancle of sideslin equal 3.0
L DALFRT channe ir NTIU true anale of attack due to dea

TRIT true ancle of sideslinr




Program Description. Subroutine DELALF calculates the NBIU
true angle of attack 1in two stews., First, subroutine DALFAQ is
called to calculate the true angle of attack for the input indicat=ac
angle of attack and Mach number, variable ALPHAO, For Mach numbers
less than 1.0, a small correction for angle of sideslip, variable
DALFBT, is calculated and added to variable ALPHAO to obtain the
WBIU true angle of attack.,

Program Listing.
SUBROUTINE DELALF(ALFAV,BETA»AMCT,CONYRA,IFLAGALPHA) DELALF 1 ’
q (N oA RERE RS RS RS RESFELEENKE SRR ERA NG RE Ao bR Q5 oS GRSk 2 EEDELALF 2
c DELALF 3
c SUBROUTINE DELALF DETERMINES BOOM TRUE ANGLE OF ATTACK GIVEN THE DELALF 4
‘ c BOOM INDICATED ANGLE UF ATTACK AND TRUE ANGLE OF SIDESLIP. THE DELALF 5
¢ TRUE ANGLE UF ATTACK IS CALCULATED FOR 0.0 DEGREES ANGLE OF DELALF 6
c SIDESLIP AND A SMALL DELTA IS ADDED TO ACCOUNT FOR ANGLE OF DELALF 7
c SIDESLIP EFFECTS. DELALF 8
c DELALF 9
c EXTERNAL VARIABLES- DELALFLO
c NAME DESCRIPTION UNITS DELALF11
c INPUT - ALFAV  — BOOM INDICATED ANGLE QF ATTACK - DEGREE3 DELALF12
c BETA - BO0OM TRUE ANGLE OF SIOESLIP - DEGREES OELALF13
c AMCT — FREESTREAM MACH NUMBER — teEeses  DELALFL4
, ¢ CONVRA -~ ITERATIUN CONVERGENCE FACTOR FOK DELALF1S
E C ANGLE OF ATTACK — DEGREES DELALF16
‘ c IFLAG - ERROR FLAG - %ddxkkx  DELALFL?
! c QUTPUY - ALPHA - BUOOM TRUE ANGLE OF ATTACK —~ DEGREES DELALFL1S8
c CONVRA ~— ITERATION CONVERGENCE FACTOR FOR DELALF19
¢ ANGLE OF ATTACK - DEGREES ODELALF20
! c IFLAG = ERROR FLAG - #k3&k&E DELALF2L 3
_ C DELALF22 :
j c REVISION RECORD- DELALF23
‘ C NAME DATE DELALF 24
; c WRITTEN BY - MARK KORSMO 9 FEB 1978 DELALF25
c REVISED BY - KEN RAWLINGS 23 JuL 1981 DELALF20
c DELALF27
c SRR R SRR R AR AR AR AR R U e XA R S A e R R H R AR F R SEEAFR KX EF XX R AKX RER IR FEEEEDEL ALF 23
REAL INTR OELALF29
c CALCULATE TRUE ANGLE UF ATTACK AT 0.0 DEGREES ANGLE OF SIDESLIP —-UELALF30 ]
CALL DALFAJD(ALFAV,AMCTsCUNVRASIFLAG,ALPHAO) DELALF31
C CALCULATE CHANGE IN ANGLE OF ATTACK DUE TO ANGLE OF SIDESLIP —-——-—-DELALF32
DALFBT=20.0 DELALF33
IF(AMCT +GT. 1,00) GO TO 100 DELALF 34
{ SLOP=415.,0%(1.=-COS{ABS(BETA)/57.296)) DELALF35
INTR==15,0¢(1.~COS(ABS(BETA)/57.2961) DELALF36
DALFBT=INTR+(SLOP*AMCT®AMCT) DELALF37
100 ALPHA=ALPHAO+DALFBT DELALF38
RETURN DELALF39

END JELALF40




SUBROUTINE DALFAOQ:

Purpose. Subroutine DALFAQ0 calculates the value the
true ancle would have for the NUBIU indicated angle of attack
‘reestrear Mach nurber (usince data fairings for) 0.9 degrees
of sideslin,

“torage Recuired.

DY CIMAL WORDS

JBIU
and
angle

WCTAL L, ORDS

340 224

subvregrams Used.

CTUVRG, APRS (al'sclute function)

Callina Staterent,

JALL DALFAOQ (PLFAV, AMCT,CONVVRA, ITLAG, ALPHAQ)

Talline Sroument Innut,

ey DESCRIPTION UlilTo

. WLERAY LIV indicated ancle of attack deg

e treestrear !tach punmber N

.ﬁu'“ SRISAREL N ancle-of-attacK converaence factor cec

LULAG orror flac (sce Lrror I'lag Structure, Sub- ~—
routine AUGLED)

Jalline “raunment OQutnutb,

DA A DY 5CRIDPION CilLs
T ~YYOL Tac (san rror IIleo Structule, wi- -=-
vanEine 2T
IR STr oEvue ancle of lues ce

at .7 drcrens arcl

roaralt Lescrinticen.  Subroutine DOMALFAD calculates t

he BIU

o for the 131V indicated arncle and freestrecar llach

v oo mroattaex
nesiey cmine caota Tairines for 0.9 dearees ancle of sideslip.  The
forrar oo wre ddone in five scooments coverine various lach number ranges,

astact aned fach nurber 30 subroutine CIVRG was called to
Lot erue anale of atitack fror the indicated value.

LI RS

92

1 aivinoos owere done in terms of local flow error versus truc angle

iterate
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Program Listing.

SUBRQUTINE OALFAOQ(ALFAV,ANCTCONVRASIFLAGALPHAO) DALFAO 1
CHE2R 020 300 05 LS R AR R SRS EEREL SREE SR EGE R LR ERE L S SRR RS 0A SR SRR SRS S SR ESOALFAD 2
Cc DALFAO 3
Cc SUBROUTINE DALFAO DETERMINES BOOM TRUE ANGLE OF ATTACK GIVEN THE OALFAO 4
c BOOM INDICATED ANGLE OF ATTACK AND CORRESPONDING FREESTREAM MACH OALFAO 5
c NUMBERes THE SUBROUTINE IS VALID ONLY AT 0.0 DEGREES ANGLE OF DALFAO 6
C SIDESLIP, DALFAO 7
C DALFAO 8
C EXTERNAL VARIABLES- DALFAO 9
Cc NAME DESCRIPTION UNITS DALFAOLO
c INPUT = ALFAV - BOOM INDICATED ANGLE OF ATTACK - DEGREES DALFAOllL
Cc ANCT - FREESTREAM MACH NUMBER - sekekd% (DALFAOL12
C CONVRA - ITERATION CONVERGENCE FACTOR FOR DALFAOL13
C ANGLE OF ATTACK -~ DEGREES DALFAOLl4
C IFLAG = ERRUOR FLAG - ss488%& DALFAOLS
C QUTPUT = ALPHAD - BOOM TRUE ANGLE OF ATTACK AT 0.0 DALFAOLS
C DEGREES ANGLE OF SIDESLIEP - DEGREES OALFAOL7
(o IFLG = ITERATION REQUEST FLAG - *&oek&x DALFAOLS8
C IFLG=2,ITERATION REQUESTED ON ANGLE DALFAOL9
c OF ATTACK OALFAOQ20
C IFLAG - ERROR FLAG - **sdsex  DALFAQ2]
C DALFAO22
C REVISION RECORD- DALFA023
C NAME DATE DALFAO24
C WRITTEN BY - MARK KORSHO 9 FEB 1978 DALFAO25
C REVISED 8Y - KEN RAWLINGS 8 JAN 1982 DALFAQ26
C DALFAQ27
CHOERARE RN SRR XN LR R SRV LR LS R AR KRR EERRER SR XKL ERERR X R B R R0 L2 EEREDALFAO28

DATA IFLG/2/ DALFAQ29
c SET VALUES OF CONSTANTS FROM CURVE FITS DALFAO30

OATA B811+8219S114521/7 =1.18395y =0.70130y =0.42941y #0,00111/ DALFAO3]

DATA Bl29B22395129522/ +0.00000y +0.00000y —1445250s =1.31721/ DALFAO032

DATA BL34823951395237 =0.338659 =7e31612y =0.56863 +2.95072/ DALFAO33

DATA Bl4y82495S149524/ —=24723229 —0.146559 +0.47719y =0419369/ DALFAO3s
C DETERMINE TRUE ANGLE OF ATTACK AT 0.0 DEGREES ANGLE OF SIDESLIP —O0ALFAO035

IF(AMCT JLEe 1.000) GO TO 100 DALFAO36

IFCAMCT JLEe 1.100) GO TO 200 DALFAOQ37

IF(AMNCT JLE«. 1.300) GO TO 300 DALFAO38

IFCAMCT oLTe 1.510) GO TO 600 DALFAQ39

60 TO 700

DALFAOQ40
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ALPHAO FOR MACH NUMBER LESS THAN 1.000 ==DALFAO41
CALL CNVRG(BL14B214S119S219ALFAVANCT yCONVRASIFLGyALPHAQYIRLAG) OALFAOQA2
ALPHAQ=ALPHAQ+(042935%( L. 0=AMNCT)I®$2) DALFAO43
RETURN DALFAO44
ALPHAQ FOR MACH NUMBER BETWEEN 1.000 AND 1.100 DALFAO4S
AMC1=1.00 DALFAO46
AMC2=1.10 DALFAO47
CALL CNVRGUBLL4B219S11L9S2LyALFAVIANCLICONVRAGIFLGALFALSIFLAG) DALFAO48
CALL CNVRG(BL29B22+S12¢522ALFAV)ANC2,CONVRASIFLGyALFA25IFLAG) DALFAO49
FACTOR=({AMNCT*AMCTI-(ANRCL®AMNCL)) 7 (C(AMC2%ANMC2)=(ARC1®ANC1)) DALFAQ050
ALPHAO=ALFAL+(FACTOR®(ALFA2=-ALFALl)) DALFAOS51
RETURN DALFAOS52
ALPHAO FOR MACH NUMBER BETWEEN 1,10 AND 1.30 DALFAOS3
AMC1=1.10 DALFAO54
AMC2=1.30 DALFAO055
CALL CNVRGIB129822+512+5229ALFAVIAMNCLCONVRAVIFLG,ALFAL,IFLAG) DALFAOS56
IFCABSCALFAV) cLE«(20.94851¢((-0.14060)%(AMCT®ANCT) ) IGO TO 400 OALFAO57
CALL CNVRGUB133823951395234ALFAVANC25CONVRAYIFLGIALFAZ,IFLAG) OALFAO58
GO TO 500 DALFA059
CALL CNVRG(BL498B2495149S249ALFAVANC2,CUNVRAVIFLG,ALFA2IFLAG) DALFAO60
FACTOR=( (ANCT*AMCT )~(ANCL*AMCLY) / (CAMC2*ANC2)-(ANCL*ANCL)) DALFAOQol
ALPHAO=ALFAL+(FACTOR®(ALFA2~-ALFAL)) DALFAO62
RETURN DALFAVG3
ALPHAO FOR MACH NUMBER BETWEEN 1,30 AND l.51 DALFA064
IFCABSUALFAY) (LE«(104948514((-0.14060)%(ANCT*ANCT))))IGO TO 700 DALFAQ065
CALL CNVRG(BL1348239S133523¢ALFAVIAMCT,CUNVRASIFLGIALPHAOSIFLAG) DALFAO66
RETURN DALFAOQOG67
ALPHAOQ FOR MACH NUMBER GREATER THAN 1,51 DALFAOb6S
CALL CNVRGUBL45B24+SL495249ALFAVIANCTsCONVRASIFLGyALPHAOLIFLAG) DALFAO69
RETURN DALFAQ70
END DALFAO71




SUBROUTINE DELBET:

Purpose: oSubroutine DELBET calculates the NBIU true angle ¢
sideslip from the NBIU indicated angle of sideslip, NBIU true angle of
attack and freestream ach nurber. DELBET is called Irom tae iterative
loop in subroutine ANGLES with the NBIU true angle of attack equal to
the latest estimate in order to upcdate the estimate of NBIU true angle

£ sideslip.

Storaye Reguired.

OCTAL WORDS DECIMAL wURDS
. 345 229
Subprograms Used.
COS (cosine function), DLETAO, ABS (absolute function)
Calling Statement.
CALL DELBET (2ALPlA,BETAV,AMCT,CUNVRB,IFLAG,3ETA)
Calling Argument Iunput.
3 iNPUT DESCRIPTION UinIlTo
a ALPLA NBIU true angle of attack deg
3, BLTAV WBIU indicated angle of sideslip aegy
1 AMCT freestream i'ach number N=D
Ascon CONVRE angle-of-sideslip convergence factor deg ’
ITLAG error flag (see Lrror Flag Structure, Sub- ——
routine ANGLES)
}‘ Calling Argument Output.
OUTPLUT DESCRIPTION LNITS
4 S LETA JdBIU true angle of 3ideslip dey
¥ i IFLAG error flag (see Lrror Flay Structure, Sub- -——
L] routine ANGLES)
? Major iInternal Variables.
;: ’ VARIABLE DESCRIPTIVN CiiITS
s :0 LETAD NEIU true §qg1e.of sideslip for input indicated cey
: ancle of sideslip and freestream Mach nunber but
g NBIC true angle of attack equal 0.0
‘ A2 DB change in NBIU true angle of sideslip due to deyg
L G angle of attack (subscripts of 1 or 2 are
i used to denote “ach number)

- s A K A ST | TN 11 3
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Program Description. subroutine DELBET calculates tne ~BIU
true angle of sideslip in two steps. First, subroutine DBETAQ is
called to calculate the true angle of sideslip for the input indicated
angle of sideslip and Mach number, variable BETAO. A correction for
angle of attack is then calculated and added to variable BETAO to
oktain the NBIU true angle of sideslip.

Program Listing.

SUBROUTINE DELBETCALPHAVBETAVANCT,CONVYRByIFLAGBETA) DELBL 1
COREERRBEEARER R SRS R KR A ERE RS AR R AR SRSV EE PR R R AR E R SE R R E R AR E DR CS S SRS LA R4S DELBET 2
C DELBET 3
™ SUBROUTINE DELBET DETERMINES B800M TRUE ANGLE OF SIDESLIP GIVEN THEDELBET 4 '
C 800M INDICATED ANGLE OF SIDESLIP AND TRUE ANGLE OF ATTACK. THE DELBET 5
C TRUE ANGLE OF SIDESLIP IS CALCULATED FOR 0.0 DEGREES ANGLE OF DELBET 6
C ATTACK ANU A SMALL DELTA IS ADDED TO ACCUUNT FOR ANGLE OF ATTACK OELBET 7
C EFFECTS. DELBET 8
. C DELBET 9
! c EXTERNAL VARIABLES~- DELBET10
1 C NAME DESCRIPTION UNITS DELBET11
{ C INPUT = ALPHA = BOUM TRUE ANGLE yUF ATTACK - DEGREES DELBET1Z2
| c BETAY - B00OM INDICATED ANGLE OF SIDESLIP - DEGREES DELBET13
} C AMCT = FREESTREAM MACH NUMBER - ®¢ektekx  OELBET 14
i C CONVRB = ITERATION CONVERGENCE FACTOR FOR DELBETLS
j C ANGLE OF SIDESLIP (DEFAULT=,000001) - DEGREES DELBETI1SG
C IFLAG = ERROR FLAG - $4¢ee%s DELBETL?
C QUTPUT - BETA - BOUM TRUE ANGLE OF SIDESLIP - DEGREES ODELBETLS
c IFLAG - ERROR FLAG — ®5&%8%%  DELBET1Y
C DELBET20
¢ REVISION RECORD- DELBETZ21
C NAME DATE DELBET22
C WRITTEN 3Y = MARK KURSMO 9 FEB 1978 DELBET23
C REVISED B8Y - KEN RAwLINGS 6 NOV 1981 VELBET24
C DELBET2S
CRPOE LR EE QAR UR RS L LRSS RREERR R RERERRRER AR R RS AR RN SR AR SE R R R EE e RS20 REEDELBET 20 ;
REAL INT,INTLS DELBETZ27 ".
DIMENSION A(3)4B8(3)+C(3)+D(3)9E(3) DELGBET28 3
C SET VALUES UF CUNSTANTS FROM CURVE FITS DELBET29
DATA A /=e7T793061E=39+.3574667E~-19y—c1413029€=-2/DELBET30
DATA 8 /¢4 1443219E=29-02264961E~-1,y ¢.,0000000€E00/DELBET3]
DATA C /40996709 7E=39=¢3501526E-1y+.1236146E-2/DELBET32
DATA D 74¢1059054E =29 =2 78T 444E~Ly+.,1296875E-2/DELBET33
DATA E /=e849611046E=39¢,7073456E~2+12.3726786E~-3/DELBET34
C DEFINE STATEMENT FUNCTIUN DELBET3S
- DBET(SsyToUsA »8)=(S*82ABS(B)CA) e (TRp&A)(USBEASRA) DELBET36
“3? c CALCULATE TRUE ANGLE OF SIDESLIP AT 0.0 DEGREES ANGLE OF ATTACK —DELBET37
. CALL DBETAO(BETAV,AMCTICONVRByIFLAG,BETAOQ) DELBET 38
AN C CALCULATE CHANGE IN ANGLE OF SIDESLIP OUE TO ANGLE OF ATTACK =———DELBET39
o IF(AMCT (LEe 1430) GO TO 100 DELBET4O
‘: IF(AMCT .LE. 1.55) GO TO 200 DELBETAL
: IF(AMCT .LE. 1.88) GO TO 300 DELBET42
;‘4 IFCAMCT JLEe 2.07) GO TO 400 DELBET43
IF(ANCT LE. 2.27) GO TO 500 DELBETA44
GO TO 600 VDELBET45S
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BETA FOR MACA NUMBER LESS THAN 1.300

SLOP1B=11.444444%(1.~(COS(BETAV/S7,296))%%2)

SLOPE=SLOPLB¢+(SLOPLE/ 0439430 %(1e~COS(ABSC(ALPHA/574296))=0048943"

INT18==25,25%(1 .~-(COS(BETAV/57.296) )%%2)

INT=INT104 (INTL8/(<048943))%{ (L.—COS(ABS(ALPHA/57.296)))=.048943)

DBL=INTeSLOPE®*AMCT*AMCT
IF(BETAV.LT.0.)D81==-DB1
BETA=BETAO+DH1

RETURN

DELBET 46
DELBETA?
DELBET48
el RET49
DELBETSO
DELBETS1
DELBETS52
DELBETS3
DELBETS54

BETA FOR MACH NUMBER BETwWEEN 1300 AND 1.550
AN1=1,.30
AM2=1 .55
SLOPLO®LL, 444444% (L. =~(COS(BETAV/S57.296))%%2)

SLOPE=SLUP L3¢ (SLUPLB/ 048943 )%(1,~COS(ABSC(ALPHA/S57:¢296))=.048943)

INT18==25,25% (.= (COS(BETAV/57,296))%%2)

INT=ENTLB+ (INTL8/( 4048943 ))%((L.=COSUABS(ALPHA/S5T7.296)))=,048943)

DBL=INT ¢ SLOPE®#AM1®=AM]L

IF(BETAY.LT.0.)DB81==-0B1

DB2=DBET(A(L) yA(2)9A(3)3ALPHABETAY)

FACTUR={ (AMCT®AMCT)-(AML*AML) )/ (CAM2%AM2)-(AML%¥ANM1))
BETA=BETAO+(DBLl+(FACTOR*(D82-DB1)))

RETURN

DELBETSS
DELBETS6
DELBETS57
DELBETS58
DELBETS9
DELBET6O
DELBETOL
OELBET62
DELBET63
UELBETo4
DELBET65
DELBET66
DELBET67

BETA FOR MACH NUMBER BETWEEN 1.550 AND L.880
AM1=1,.55

AM2=1.88

DBl=DBET(ALL) »AL2)9A(3)ALPHALBETAY)
DB2=DBET(B(1)s8(2),B(3),ALPHABETAV)
FACTOR=({AMCT*AMCT)I=(AMLSAML) }/ (CAM2%AM2)=(AM12AM1))
BETA=BETAO+(DBL+(FACTOR*(DB2-0D81)))

RETURN

BETA FOR MACH NUMBER BETWEEN 1,880 AND 2,070

OELBET68
DELBET69
DELBET70
DELBET71
DELBET?2
OELBET?3
DELBET74
OELBET?75

AM1l=1.88

AM2=2 .07

081=DBET(B(1)»8(2)+B(3),ALPHALBETAY)
0B2=DBET(C(L)sC(2)9C(3),ALPHALBETAV)
FACTOR=(CAMCT®AMCT I=(AMNLE®AML) )/ ((AN2*AN2)-(ANLEANL))
BETA=BETAO+(0BL+(FACTOR*(DB2=D8B1)))

RETURN

DELBET76
OELBETT??
DELBET78
DELBET?79
DELBETS80
DELBETS1
OELBETS82
OELBETS3

BETA FOR MACH NUMBER BETWEEN 2,070 AND 2,270
AM1=2,07

AM2=2,27
0Bl=DBET(C(1)»C(2)9C(3)yALPHALBETAY)
0B2=DBET(D(1) sD(2)+D(3)sALPHABETAV)
FACTOR®( (AMCT*AMCT )—(ANL*ANL) )/ ((AM2*AMZ2)=-(ANLE®AML))
BETA=BETAO+(DB1+(FACTOR*(0DB2~DB1)))

RETURN

BETA FOR MACH NUMBER BETWEEN 2.270 AND 2.550
AM1=2,27

AM2=2 .55

DB1=0B8ET(D(1) y0(2}+sD(3)9ALPHALBETAY)
DB2=DBET(E(L) sE(2)+E(3)9ALPHABETAYV)
FACTOR=( (AMCT2AMCT I-CAML®AML) )/ ((AM2E&AM2 ) =(AMNL®AN]))
BETA=BETAO+(0BL+ (FACTOR*(DB2-081)))

RETURN

END

9]

DELBET84
DELBETS8S5
OELBET86
OELBETA?
DELBET88
DELBETY9
DELBFTY0
OELBET91
OELBET92
DELBET93
DELBET94
DELBET95
DELBET96
DELBETI7
DELBETYS
DELBET99
DELBET O




SUBROUTINE DBETAOQ:

. Purpose. Subroutine DBETAQ0 calculates the value the NBIU true
angles wouIs have for the NBIU indicated angle of sideslip and free-
stream Mach number (using data fairings for) 0.0 degrees angle of
attack.

Storage Required.

OCTAL WORDS DECIMAL WORDS
266 182

Subprograms Used.

CNVRG, ABS (absolute function)

Calling Statement.

CALL DBETA0 (BETAV,AMCT,CONVRB,IFLAG,BETAQ)

Calling Argument Input.

INPUT DESCRIPTION UNITS
BV BETAV NBIU indicated angle of sideslip deg
M AMCT freestream Mach number N-D
ABcon CONVRB angle-of-sideslip convergence factor deg
IFLAG error flag (see Error Flag Structure, Sub- -
routine ANGLES)
Calling Argument Output.
OUTPUT DESCRIPTION UNITS
80 BETAO NBIU true angle of sideslip for the input values deg

at 0.0 degrees angle of attack

IFLAG error flag (see Error Flag Structure, Sub-~ -——
routine ANGLES)

Program Description. Subroutine DBETAO0 calculates the NBIU true

angle of sideslip for the NBIU indicated angle and freestream Mach number
using data fairings for 0.0 degrees angle of attack. The fairings were
done in six segments covering various Mach number ranges. All fairings
were done in terms of local flow error versus true angle of sideslip

and Mach number so subroutine CNVRG was called to iterate to obtain

true angle of sideslip from the indicated value.
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Program Listing.

SUBROUTINE DBETAO(BETAVyAMCTyCONVRB,IFLAGSBETAO) 08ETAQ 1
SRR SRR SR L L LR SRR EX G SRR RRE RS SRR R LR S SRR S E SRS XSS SRS 22 K SESEDBETAO 2
DBETAO 3

SUBROUTINE DBETAO DETERMINES BOOM TRUE ANGLE OF SIDESLIP GIYEN THEDBETAO 4
800M INDICATED ANGLE OF SIDESLIP AND CORRESPONDING FREESTREAM MACHDBETAO S
NUMBER. THE SUBROUTINE IS VALID ONLY AT 0.0 DEGREES ANGLE OF DBETAO 6
ATTACK. DBETAO 7
DBETAO 8

EXTERNAL VARIABLES- DBETAO 9
NANE DESCRIPTION UNITS DBETAO10

INPUT = BETAYV - BOOM INDICATED ANGLE OF SIDESLIP - DEGREES DBETAO1ll
AMCT - FREESTREAM MACH NUMBER - S&ksks DBETAOL2

CONYRB = ITERATION CONVERGENCE FACTUR FOR DBETAQL3

ANGLE OF SIDESLIP - DEGREES DBETAQL4

OUTPUT = BETAD = BOUM TRUE ANGLE OF SIDESLIP AT 0.0 DBETAO1S
DEGREES ANGLE OF ATTACK - DEGREES UBETAO1lé6

IFLG = ITERATION REQUEST FLAG - kedksdk DBETAOL?
IFLG=3yITERATION REQUESTED ON ANGLE DBETAOLS

OF SIDESLIP DBETAOQ19

IFLAG = ERROR FLAG - ki%%%%%x  DBETAQ20

DBETAO21

REVISION RECORD- DBETAO022
NAME DATE DBETAV23

WRITTEN BY - MARK KORSMD 9 FEB 19748 DBETAOQ24
REVISED 8Y - KEN RAwLINGS 23 JUL 1981 DBETAQ25
DBETAQZ26

SRR RAE RN KE R SR L REREEER X RER AR ARINEE ARG S S F QA RSN SR L CERFR AR 022 2EDBETAQ27
DIMENSION A(3)58(3)+C(3),D(3),E(3) DBETAOQ28
DATA IFLG/3/ DBETAO029
SET VALUES OF CONSTANTS FROM CURVE FITS DBETAO030
DATA B1l1l,8214+511,821 /=1409600y +0,30297y =0.836259 =0,08829/DBETAQ31
DATA A /=.2833568E~3y +0000000€00,=.8340577E~1/DBETAO32
DATA 8 /+,0000000E009—s1520952E~19+.1921397E00/DBETAO33
DATA C /=+4792185€=3, 0000000E00y+.7057031E~1/DBETAO34
DATA O /4¢1791000E=29-e3334467E-1y+.6650189E~1/DBETAO035
DATA E /7¢+,5989991E-3, +0000000E00»-.1840622E00/DBETAQ36
DEFINE STATEMENT FUNCTION DBETAOQ37
DBETO(P9QyRyB)=(P*B3%B%B) + (Q&B*ABS(B) )+ (R%8) DBETAO38
DETERMINE TRUE ANGLE OF SIDESLIP AT 0.0 DEGREES ANGLE OF ATTACK ~--DBETA039
IF(AMCT .LE. 1.30) GO TO 100 DBETAO40
IF(AMCT .LEs 1.55) GO TO 200 0BETAO41
IF(AMCT .LE. 1.88) GO TO 300 DBETAU42
IF(AMCT JLEe 2.07) GO TU 400 DBETAO43
IF(AMCT oJLEes 2427) GO TU 500 VDBETAO44

G0 TO 600 DBETAO4S
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BETAO FOR MACH NUMBER LESS THAN 1.300

CALL CNVRG(BL115821+s5S119S21,BETAVsAMCTsCONVRByIFLGBETAOIFLAG)

RETURN
BETAO FOR MACH NUMBER 3ETWEEN 1300 AND 1,550

AMl=1.30
AM2=1 .55

CALL CNVRG(B11,8215511+521+8ETAVsAMLICONVRByIFLGHBETAOZIFLAG)

0B1=BETAO-BETAV

DB2=DBETO(A(L) +A(2)9A(30,BETAV)
FACTOR=( (AMCT®AMCT )=(AML®ANL) )/ ( (AN2#AM2)=(AML#ANL))
BETAO=BETAV+(0BL+ (FACTOR®(082-081)))

RETURN .

BETAO FOR MACH NUMBER BETWEEN 1.550 AND 1,880

AM1=1.55

AM2=]1 .88

DB1=DBETO(A(L)+»A(2)sA(3),BETAV)
DB2=DBETO(BIL)»B(2)+BL3)+BETAV)
FACTOR=((AMUCT®AMCT )=(AML*AML) D/ L (AMR*AM2)=(AMLEANM]1))
BETAO=BETAV+(0BL+(FACTOR*(DB2-DB1)))

RETURN

BETAO FOR MACH NUMBER BETWEEN 1.880 AND 2,070
AM1=1,88

AM2=2 .07

DB1=DBETO(B(L1)+sB(2)9B(3),BETAV)
082=DBETO(C(LISC(2)+C(3)+BETAV)
FACTOR=({(AMCT*AMCT )=(AML*AML1) )/ L (AM2%AM2)=-(AML*AML))
BETAO=BETAY+(DBLl+(FACTOR%(DB2-D81)))

RETURN

BETAO FOR MACH NUMBER BETWEEN 2.070 AND 2.270

AM1=2.07

AM2=2,.27
DB1=DBETOIC(L)+C(2)+CL3D,BETAV)
082=DBETO(D(L)+»D(2)5D(3)4BETAV)
FACTOR=( (AMCT®AMCT }=(AML*AML) )/ ((AM%AM2 )= (AML%*AML))
BETAO=BETAV+(UBL+(FACTOR*(DB2-DBL)))

RETURN

SETAO FOR MACH NUMBER BETREEN 24270 AND 2.550

DBETAO46
DBETAOG47
DBETAO48
DBETAO49
0BETAO50
DBETAO51
DBETAO0S52
OBETAO0S53
DBETAO054
DBETAO55
DBETAOS56
DBETAO57
DBETAOS58
DBETAO059
DBETAO60
DBETAOG6L
DBETAO62
OBETAOQ63
DBETAO64
DBETAO065
DBETAOQ66
DBETAO67
DBETAO68
OBETAO069
DBETAO70
DBETAO71
DBETAOQ72
DBETA073
DBETAOQT74
OBETAO75
DBETAO76
OBETAO77
DBETAO78
DBETAV79
OBETA080
DBETAOS81

AM1=2.,27

AM2=2 .55

DB1=DBETO(D(L)»D(2)+DU3),BETAV)

082=DBETO(E(L) yE(2)9E(3)4BETAV)
FACTOR=C(AMCT®AMCT )=CAML#AML) D/ U CANZEAM2)=(AML®=ANL))
BETAO=BETAV+(0BL+(FACTOR*(DB2-DBLI D)

RETURN

END
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DBETAO8Z
OBETA083
UBETAO84
DBETAO08S5
DBETAO86
DBETAO87
DBETAOY8
OBETA089
DBETAOQ090




SUBROUTINE CNVRG:

Purpose. Subroutine CNVRG calculates the true values of ei*’ °r
angle of attack or angle of sideslip based on the indicated values,
freestream Mach number, and constants determined from data fitting.

The iteration performed by CNVRG is discussed in the body of this
memorandum and within the computer code.

Storage Required.

OCTAL WORDS DECIMAL WORDS
117 79

Subprograms Used.

SIN (sine function), ABS (absolute function)

Calling Statement.

et A b e S

CALL CNVRG (Bl,B2,S1,S2,TAUV,AMCT,CONVR, IFLG,TAU, IFLAG)

Calling Argument Input.

INPUT DESCRIPTION UNITS
Bl constant in the intercept equation deg
i B2 constant in the intercept equation deg
sl constant in the slope equation deg
: s2 constant in the slope equation deg
TAUV indicated angle deg
y M AMCT freestream Mach number N-D
i CONVR iteration convergence factor deg i 4
E IFLG iteration request flag --- |

IFLG = 2, angle of attack
IFLG = 3, angle of sideslip

Calling Argument Output.

L. OUTPUT DESCRIPTION UNITS
Loy

. . TAU true angle deg
- -

2 IFLAG error flag (see Error Flag Structure, Sub- -——-

routine ANGLES)

10!

GRSl B R e . & = TOWE RN R .




OO0 00N

Program Description. Subroutine CNVRG initially sets the true
value cf the desired angle to the indicated value and calculates a

delta value based on the entered constants from curve fits.
subroutine iterates until two consecutive values of the delta value
are less than or equal to the iteration convergence factor.

Program Listing.

The

S However,
if more than 20 iterations are required, the error flag is set and the
true value is returned as the value from the last iteration.

SUBROUTINE CNVRG(B13B2sS1952y TAUVSAMCTSCOUNVRyIFLGsTAULIFLAG)
2R ARRQ AR L RS R KRR B LR ERXR KB EEEQRERERERE R XSS S E SR KR Kk QSRR S XL EEEECNVYRG

SUBROUTINE CNVRG DETERMINES THE VALUE OF A TRUE ANGLE FROM ITS

INDICATED VALUE AND CONSTANTS DETERMINED FROM CURVE FITS.

ANGLE IS RELATED TO THE INDICATED VALUE 8Y

TAU = TAUY + DELTAU

CNVRG

CNYRG
CNVRG

THE TRUECNVRG

THE VALUE OF DELTAU VARIES LINEARILY WITH MACH NUMBER SQUARED S0

OELTAU = INTERCEPT + (SLOPE*AMCT®AMCT)

HUWEVERy 80TH THE SLOPE AND INTERCEPT VARY wITH THE TRUE ANGLE 50

THAT
2
INTERCEPT = BL#SIN(2¥TAU) + B2*SIN (2%TAU)

2
SLUPE = S1¥SIN(2%TAU) + S2¢SIN (2%TAU)

THIS SYSTEM DF EQUATIUNS IS SOLVED USING A CONVERGENT [VERATION
TECHNIQUE IN B80TH THE ANGLE OF ATTACK AND ANGLE OF SIDESLIP

CALCULATIONS.

EXTERNAL VARIABLES~
NAME DESCRIPTION

INPUT - B1 = CONSTANT IN THE INTVERCEPT EQUATION
82 = CONSTANT IN THE INTERCEPT EQUATION
S1 = CONSTANT IN THE SLOPE EQUATION
52 = CONSTANT IN THE SLOPE EQUATION
TAUY = INOICATED ANGLE
AMCT = FREESTREAM MACH NUMBER
CONVR = ITERATION CONVERGENCE FACTOR
IFLG - ITERATION REQUEST FLAG

IFLG=2ITERATION REQUESTED ON ANGLE
OF ATTACK

IFLG=3,ITERATIUN REQUESTED ON ANGLE
OF SIDESLIP

UNITS

DEGREES
DEGREES
DEGREES
DEGREES
LEGREES
LR IR L2

L2 X 2L L 2

CNVRG
CNVRG
CNVRG
CNVRG
CNVYRG
CNYRG
CNVYRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNYRG
CNVRG
CNYRG
CNVRG
CNVRG
CNVRG
CNVRG
CNVRG
CNYRG

LN LSNP
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C GUTPUT - TAV - TRUE ANGLE - DEGREES CNVRG
C IFLAG - ERROR FLAG - Sxk¥s®E  CNVRG
C IFLAG=2sCNVYRG INTERNAL CONVERGENCE CNVYRG
C ON ANGLE OF ATTACK FAILED NVYRG
C IFLAG=3,CNVRG INTERNAL CONVERGENCE CNVYRG
C ON ANGLE OF SIDESLIP FAILED CNVRG
C IFLAG=5,CNVRG INTERNAL CONVERGENCE CNYRG
C ON ANGLE OF ATTACK AND CNVRG
C ON ANGLE OF SIDESLIP FAILED CNVRG
C CNYRG
C REVISION RECORD- CNVRG
C NAME DATE CNVRG
C WRITTEN BY - MARK KORSMO 9 FEB 1978 CNVYRG
. C REVISED BY = KEN RANWLINGS 23 JUL 1981 CNVYRG
C CNVRG
C SRERERRERERERA R ERERER SR SRR RS RSR XA SRSE LR SR LR LA F R4 ZE SRS L5 XECNYRG
REAL INTER CNVRG

C DEFINE STATEMENT FUNCTIONS CNVRG
SINEZ2A(A)=SIN(2.%A/57.2906) CNVRG
SIN2SQUA)=SIN(24%A/574296)%SIN(ABS(2.%A/57.296)) CNYRG

C INITIALEZE ITERATION VARIABLES CNVYRG
TAU=TAUY CNVRG

DTAUL I=0,0 CNVRG

C ITERATE TO UBTAIN TRUE ANGLE ~===CNVRG
D0 100 [=1,20 CHNYRG
INTER=BLASINE2A(TAU)+B2%2SIN2SQ(TAV) CNVRG
SLOPE=SL*SINE2ALTAU)+S2%SIN2SQ(TAU) CNVRG
DELTAU = INTER ¢ (SLOPE*AMCT®AMCT} CNVRG
TAU=TAUY + DELTAV CNVRG
IF(ABS(DELTAU-DTAULL) +LE. CONVR) RETURN CNYRG

DTAUL I=DELTAU CNVRG

100 CONTINUE CNVRG

c SET FLAG DENDTING FAILURE OF ITERATION TO CONVERGE CNVRG
IF(LIFLAG +EQ. IFLG) «OR. (IFLAG +EQ. 5)) RETURN CNVYRG
IF(COIFLAGH+IFLG) <EQe 5) +OR.e (IFLAG WEQe 0)) IFLAG=IFLAGH*IFLG CNVRG
RETURN CNYRG

END CNVRG
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